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ABSTRACT

An explicit, two-dimensional finite difference ﬁydrodynamic
model was applied to the Hereford Inlet-bay system and used to pre-
dict the system's hydraulic response to an applied exciting tide.
Given the inputs of known exciting tides, external inflows, wind
data, rainfall and evaporation rates, and channel or bay geometry
(length, width, depth) and roughness, the model solves the verti-
cally averaged continuity equation and the two-dimensional equations
of motion for the unknown water'height and flow per unit width in

two horizontal directions at each point in the system.

A coarse grid model was run encompassing the entire study area
and calibrated to yield good reproduction of observed tidal heights
in the'back bays and main ‘channels. Using the output from this
coarse grid model, fine grid mode1§ were run in three back bays to

better define the flow fields in these locations.

The quality of the results was found to be sensitive to the
ground elevations assigned to inundatable areas. Once these eleva-
tions were cﬁosen, the model showed ac;urate reproduction of most
tidal records. Predicted tidal heights were relatively insensitive
to channel or bay depth and roughness, and to the effects of precipi-
tation, evaporation, and wind stress. Discharge, however, was found
to be very sensitive to depth, roughness, and wind stress parameters.
The model is not yet calibrated to predict discharges, since nd field

‘measurements of discharges or velocities are yet available.
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1. INTRODUCTION

1.1 Background and Study Objectives

A tidal inlet-bay system, or wetlands, is a complex environment
in which man, flora, and fauna live under the continual influence of
the tides. For man, the wetlands provide a major location for recre-
ational activities such as swimming, boating, and fishing, in addi-
tion to being a homeland for many full-time residents. Man affects
the plants and animals of the region directly through these activ-
ities, and'indirectly through his efforts to use and control the
water and tides by construction of jetties, groins, and bulkheads,
and through dredéing and filling_operations. Any effort directed

at understanding a wetlands ecosystem must include a means of

describing the tidal action in that system.

Tﬁe.barrier islands, tidal inlets, and back bay areas along the
New Jersey shore form such a wetlands, and it is the intent of this

paper to focus attention on one such area: the Hereford Inlet-bay

v . R +
- - - - '—' - - — '_i — ' \- _ - -

system (see Fig. l); Hereford Inlet is located between North Wildwood,
New Jersey, and Seven Mile Beath' and is the principal source of tidal
flow to the back bay areas lying between these barrier islands and the
mainland; Seme influence is also felt from Townsend Inlet to the
north and Cape May Inlet to the south. The study area encompasses
mos£ of the Stone Harbor Quadrangle (USGS 7.5 minute topographic

series) and parts.of the adjacent Avalon~ and Wildwood Quadrangles.
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Location Map of llecreford Inlet and Study Area
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Location Map of Hereford Inlet and Study Area
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The overall objective of this effort was to define the hydro-
dynamics of Hereford Inlet and its back bay.areas resulting primarily
from the astronomical tides. While the hydrodynamics can be described

by physical hydraulic models, passive electrical analog models, and

- mathematical models, the high cost associated with constructing and

operating physical models and passive electrical analog models elim-
inated these types of models from consideration. A mathematical model

based upon the finite difference method was chosen.

Specific questions answered by this research include:

1. What is the flow field in the inlet and the bays thoughout
the tidal cycle?

2. VWhat are the correspondiﬁg tidal elevations?

3. What is the tidal prism? That is, what is the volume of
water entering and leaving the system through each of.the

inlets over a tidal cycle?

The answers to these questions provide the basis for future chemical,

biological, and hydraulic modeling of the system.

Hereford Inlgt, as well as most of the other inlets separating
the barrier islands, constantly changes. This is evident in air
photos and from past surveys. The main channel in Hereford Inlet
frequently migrates from north to south across its outer sand. bars.
The channel normally breaks through the bars at the northern end and
gradually migrétes to the south, where it nearly closes before opening
again to the north. This type of migration is also seen at other

adjacent inlets. [Caccesse and Spies (1977)].
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The more dramatic and signifiéant changes in the inlet's con-
figuration are frequently the result of major stor@s or severe wind
conditions. These events can alter the inlet, even rendering it
temporarily closed, resulting in changes in tﬁe back bay circulation
pattern. Since it is so dynmamic, Hereford Inlet is classified as
nonnavigable by the U. S. Coast Guard, and its channel is dredged
only on an intermittent basis (J. Selmon, personal communication).
This important aspect of tidal hydrodynamics concerns inlet stability,
and while it is not the focus of attention in this paper, it cannot be
overlooked. A brief summary of tidal inlet stability will be pre-

sented, followed by a review of tidal inlet hydraulics.

1.2 Tidal Inlét Stability

A method for predicting the stability of tidal inlets was first
proposéd by Escoffier (1940). The theory suggested the maximum veloc-
ity in an inlet would occur at a critical, or equilibrium, cross-
sectional area. If the cross-sectional area of the inlet was greater
than the critical érea, the inlet would be resistant, or stablé,
against closure. Under these conditions, any deposition of matter in
the inlet would result in higher velocities which would scour away the
deposited material. If the crass-sectional aréa of a stable inlet was
increased, the velocities would be lower and deposition would result
until the area decreased and the velocity increased to return to the

equilibrium area.
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1f, on the other hand, the area was less than the critical areé,
the inlet wduld be unstable, and any deposition would cause the area
to decrease evén further. TLikewise, if the area of an unstable
inlet were to increase, the inlet should perpetuate the increase by

an increase in velocity.

O'Brien (1931, 1969) presented a relationship between inlet
throat cross-sectional area and the tidal prism passing through a
jettied inlet under spring tide conditions. His results indicated
that tidal inlet equilibrium exists when the efforts of the tidal
prism to enlarge the iniet just balance the efforts of.sedimentation,

vegetation, and artificial fill to close it.

Jarrett (1976), using O'Brien's data and additional data pubQ
lished by other investigators, developed similar relatiomns for both
jettied and non-jettied inlets on the Atlantic, Pacific, and Gulf
coasts. He determined no modifications to O'Brien's relations were
necessary.

O'Brien and Dean (1972) brought together concepts of Keulegan
(1951, 1967), O'Brien (1931, 1969), and Escoffier (1940) into a
method for assessing the abiiity of inlets to resist closure due to
sand transport and deppsition. They defined a '"stability index"
which incorporated inlet area and flow velocity in its formulation,
and represented the capability of the inlet to store and transport
sand prior to closure. Czerniak (1977) presented a number of case
studies which supported O'Brien and Dean's theory. A comprehensive

discussion of tidal inlet stability is available in Bruun and

Gerritsen (1960).
-5-
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. 1.3 Tidal Hydraulics

One of the earliest attempts at describing tidal hydraulics was
by Brown (1928). Brown discussed the important processes near tidal
inlets and presented é technique for determining tidal hydraulics.
The method assumed the inlet under study is the only one connecting
the sea and an enclosed back bay. Thus, the flows in the inlet could
be considered one dimensional, and transverse flows and Coriolis
effects neglected. Brown further assumed the bay~water surface
remained horizontal throughout the tidal cycle and the bay walls were
vertical, so the water surface area remained constant. He permitted
inflow to the bay only through the inlet of known length and uniform
cross—sectioq. Lastly, he neglected density effects, assumed a
sinusoidal sea tide and basin response, and disregarded the head due

to acceleration.

ﬁith these assumptions, Brown formulated two equations: a con-
tinuity equation, which equated the iﬁflow to the bay to the rate at
which the water was stored in the bay, and an energy equation, which
equated the difference in water surface elevation between the sea and
the bay to the head loss in the inlet channel. He then approximated
the head loss in a linear fashion and subsequently derived expres-
sions for the mean range of tide, the ma#imum current velocity, and
mean tidal prism. While Brown's method may be useful for determining
preliminary estimates, it is too simplistic for use in obtaining

detailed results.



Keulegan (1951, 1967), while following Brown's approach, retained
the nonlinear nature of the energy equationrand relaxed the assump-
tion that the water level in the bay was sinusoidal. He derived
a set of differential equations which related the change in water
surface elevation in the inlet with respect to dimensionless time to
the water surface elevations in the sea and bay, the tidal range in
the sea, and a "coefficient of repletion", a parameter which incor-
porated the effects of inlet and bay dimensions, inlet roughness,
and period and range of the tidal fluctuations of the water level in
the bay. Analytic solutions of the resulting equations were found
through the use of Fourier series. They were published in tabular
form in his paper and éan be used to predict the bay maximum ampli- '
tude, maxiﬁum inlet velocity, and bay tidal prism. While application
of Keulegan's method is necessarily restricted because of the assump-
tions employed in its derivation, it is, nonetheless, recommended aé
a meang of obtaining an order of magnitude estiméte of these quan-

tities [Harris and Bodine (1977), Huval and Wintergerst (1977)].

With the advent of the digital computer, more of thé terms of
the equations of motion neglected by Brown or Keulegan could be
included. [Lamb (1932) and Dronkers (1964) provide complete develqp—
ment of these equations.] Van de Kreeke (1967) presented a numerical
solution of the inlet-bay problem which incorporated the effects of
fresh water inflow. Oliveira (1970) developed a scheme to permit

variable inlet depth and variable bay surface area.



Hinwood and Wallis (1975 a and b) evaluated the state of the art
in numerical modeling at that time. They presented a classification
scheme for numerical models based upon the number of spatial dimen-
sions, the reference frame used, and the degree to which the hydro-
dynamic processes were included. The mathematical development of
each of the cla;sifications was presented and scrutinized. In all,
approximately 100 models of water and contaminant transport were

reviewed and their predictive capabilities and limitations assessed.

In its General Investigation of Tidal Inlets (GITI), the U. S.
Army Corps of Engineers developed and applied physical and numerical
models to Masonboro Inlet, North Carolina. As part of this effort,
Seelig, Harris, and Herchenroder (1977) developed a model based along
the lines of Keulegan, yet general enough to be applicable to single
or multiple inlets, bays, and seas. Their model was a time marching
model that simultaneously'solved the area-averaged momentum equation.
for the inlet and the continuity equation for the bay to yield inlet

velocities, discharges, and resulting bay level fluctuatioms.

Huval and Wiﬁtergerst (1977) presented a lumped parameter
approach to describe tidal hydrodynamics. Their model was more
general than Keulegan's and was extended to include variable inlet
and basin surface area, variable inlet channel depth, nonsinusoidal
sea tides, inlet inertia effects, and bay inflows and outflows other
than to the sea. Two finite difference models were also developed,

one of which was used in this effort. A complete discussion of the

~modeling efforts at Masonboro is available in Harris and Bodine (1977).
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1.4 Scope of Present Work

For this project the two-dimensional, explicit finite difference
model HYDTID, developed by Masch, Brandes, and Reagan (1977 a and b)
for the Corps of Engineers GITI, was adapted for use on Lehigh
University's CDC Cyber 170/720 computing system and used to develop -
the desired hydrodynamics. HYDTID was chosen in deference to other
mathematical models because of the quality of its results in the

Masonboro Inlet application and because of its availability.

Once calibrated, the models used in the Masonboro study yielded
tidal hydrographs of substantially the same quality. HYDTID, however,
was the most accurate of the numerical models in its flow estimates,
and its overall results were comparable to those obtained in a dis-
torted scale, fixed-bed physical model [Harris and Bodine (1977)].
The model was readily obtained ffom‘the Coastal Engineering Research

Center, Fort Belvoir, Virginia.

HYDTID assumes that vertical accelerations are negligible, pres-.
sures are hydrostatic over the depth, and the fluid density is con-
stant. Thus, the three~dimensioﬁal flow problem is reduced to one
of two dimensions by depth averaging. Given the inputs of known
exciting tides, external inflows, wind data, rainfall and evaporation
rates, and channel or bay geometry (length, width, depth), and
roughness, the model solves the continuity equation and the two-
dimensional equations of motion for the'unknowns of height and flow
per unit width in two horizontal directions at each point in the

system.



Initially, a coarse grid model was run gncompassing the entire
study area and calibrated to yield good-reproduction of known tidal
records in the back bays and main chénnels. Using the output from
this coarse grid model, finer grid models were run in each of the
bays to better define the flow fields in these locations. However,
no flow or velocity measurements are available to verify those pre-
dicted by the models. Thus, the models are not yet calibrated to

predict discharge.
Conclusions drawn from the study are:

1. The flow field cannot be accurately defined until the models

are calibrated using field discharge measurements.
2. The models accurately predict tidal heights.

3. An order of magnitude estimate for the minimum flood or ebd

tidal prism for Hereford Inlet is 6 . 10°® f£t3.

Lastly, calibfation of the models with field observations of
tidal height and discharge is recommended for future study. This
calibration must be accomplished prior to using the computed hydro-
dynamics as input to salinity or contaminant transport models or

before attempting to assess changes in geometry on the flow field.

~-10-




2. HYDTID MODEL FORMULATION

2.1 Mathematical Development

The explicit finite difference technique is used to HYDTID to
solve the equations of motion and the continuity equation to obtain
the hydrodynamics of a tidal system. In the finite difference scheme,
a grid is placed over the region being studied and is used to represent
the physical parameters being modeled. This discretization is showm
in Fig. 2. 1In this figure it is seen that the parameters defined at
the center of a cell include: d, the depth of water equal to h - z,
h being the height of the water surface and z being the bottom elevation;
r, the rainfall intensity; e, the evaporation rate; and n, Manning's
roughness coefficient. The parameteré 9, and qy represent the flows
per unit width in the x aqd v directions, aﬁd are defined on the cell's
right and top sides, respectively. The cell indices are represented
by (4, 1. |

The solution scheme begins with a given set of initial and
boundary conditioné and proceeds to update the initial values of qx,‘
qy’ and h fo; the next time step. Once the values have been recomputed
for every cell, time is advanced, and the entire process is repeated
for the new set of boundary conditions. For the development of the
finite difference forms of the basic equations, the reader is referred

to Masch, Brandes, and Reagan (1977 a) and to Appendix 1.

The explicit finite difference technique cannot be applied with-

_out restriction, however, as the cell size and time step are related

-11-



gx (i+1,;)

—~
B 1
[
= —
) - +
bt Pll_ —
= = : N
O >~ f )
q ))))))
— S 1 3
++ + 4+t
< O P L] 2
QO VL NLOC O m
1 [ H H g o A
o ::
wl I- = R Q
+
I||_ . — -~ \vJJ o
- - -
< x + x ~~ e
S o o H
— L . B} Y =
e . - >, -
< - _l|_|;_ — - D —
- . St
= ~ [ ) ~ ~ [ | ~
* SIalatasate _ < _ .L
+ + + + + ¢ —
o oy oy o —J TTLATNAA —J
LIl (W Lol L
(((((((((((((
TO.L N L @O O C V. N L U C C




through the mathematical considerations of stability and convergence.
Specifically, the following criteria must be satisfied in order for

the scheme to work:

As
At € —/————
~—VY2Zgad (1)
max

where At = time step; As = Ax = Ay = cell or mesh size on a side;
max maximum water depth in the model, and g = gravitational
acceleration, 32.2 ft/sec/sec. Dronkers (1964) presents the theoreti-

cal development of the finite difference method as applied to tidal

computations and discusses the stability and convergence criteria.

2.2 Boundary'Conditioﬁs

The béundary conditions to be applied to the basic equations
depend upon the physical situation being modeled and take on seven
general forms:

1. Water-land boundaries

2. Submerged barrier boundaries

3. Overtopping barrier boundaries

4. External flow boundaries

5. Artifical offshore tidal boundaries
6. Artifical tidal storage boundaries

7. Inundation boundaries

Water-land boundaries are characterized by no flow across the
boundary. Islands, jetties, and other impermeable structures are

modeled this way.

-13-




The water level on both sides of a submerged barrier boundary
always exceeds fhe barrier crest elevation. Flows across submerged
reefs and sand bars can be modeled in this manner; Since the sub-
merged barrier is essentially a submerged weir, it can also be used
to control the flow through narrow channels and passes. Because its
use requires determination of a'discharge coefficient and barrier

crest elevation, the device was not used in this effort.

Overtopping barrier boundaries model situations in which the
water level on only one side of the boundary exceeds the barrier
crest elevation, and, thus, are equivalent to broad crested weirs.
As with the submerged barrier, a barrier crest elevation and dis-

charge coefficient must be specified.

External flow boundaries are used to model inflows and outflows
around the grid perimeter. This permits the effect of river inflows

or sewage outfalls to be included.

Artificial offshore tidal boundaries describe the tidal action
occurring offshore in the study area. The flow across the boundary
is computed as a function of the difference in the tidal height

across the boundary from the relation:
q=C (#-h) (2)

where q is the flow rate per foot of width in the x or y direction,
C is an admittance coefficient with the units of velocity, H is the
measured tidal height in the offshore cell, and h is the tidal height

in the landward cell.

14—



Artificial tidal-storage boundaries are computationally similar
to the artificial offshore tidal boundaries just described, except they
lie within the mouth of the tidal system. They provide for the proper

exchange of water in the back bays and channels by relating an actual

"or derived tidal record to the flow at that point.

Inundation boundaries permit the flboding of areas when the water
level in a cell rises above the ground elevation in an adjacent cell.
Computations at this type of boundary are characterized by a check of
water and ground elevations in the adjacent cell to determine if flow
can occur. When flow is possible; it is computed from Eqs. 14, 16 and 25
in Appendi% 1. 1If flow is not possible, the boundary is treated as

a water-land boundary.

The model uses the above boundafy conditions in identifying the
cell type and for determining what computations are to be performed in
that cell. Cells are identified by the configurations of their top
and right sides. There are 45 different cell configurations as

shown in Fig. 3.

The boundary conditions not only determine what computations are
to be performed in a cell, but also affect how cells interact through
the convective terms of the basic equations; The model employs a
convective flagging scheme which designates the appropriate calcula-
tion to be performed in each direction in each cell. The convective

flagging scheme is discussed further in_Section 3.

-15-
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3. MODEL IMPLEMENTATION

3.1 Implementation Procedure

To apply HYDTID to a given location, Masch, Brandes, and Reagan

(1977 a and b) recommend the following procedure:
1. Select the grid size, As, and the time step, At.
2. Overlay a grid of As on a side over a map of the study area.

3. Determine the average bottom depth or land elevation in

each resulting cell.
4., TIdentify each cell computation flag.
5. Assign convective acceleration flags.

6. Assign discharge coefficients and barrier crest elevations

to all barriers.
7. Estimate Manning's n for each cell.
8. Collect necessary data and select the calibration period.
9. Format the data for inmput.
10. Opefate the model for the selgcted calibration period.

11. Refine the output by adjusting friction values, barrier
characteristics, cell elevations, and derived forcing

functions.

12. Carry out operational runs with the calibrated model. .

-18-



The remainder of this chapter details how this procedure was applied

to this modeling effort. .

3.2 Model Application

Selection of the grid spacing, As = Ax = Ay, depénds upon avail-
able prototype data, required model rescolution, available computer
resources (execution time and central memory requirements), and the
stability criteria of Eq. (1). Due to the size of the study area
(about 50,000 ft. by 22,000 ft. or 39.5 sq. mi.), a compromise
between detail and cost was reached by running four different models.
A coarse grid, which encompassed the entire study area, 2000 ft. on a
cell side and requiring a 60 second time step, was used to determiné
the overall flow pattern, while finer grids of 500 ft. on a side with
12-15 segond time steps were used to better define the hydrodynamics
in the back bays and sounds. The coarse grid is.shown in Fig. 4 and

the three fine grids overlaying the coarse grid in Figs 57

Bottom depths and land elevations for each cell were determined
from surveys obtained from the State of New Jersey, the USGS topo-
graphic maps, navigation charts, and from site visits. When the
bottom elevation was not constant throughout a cell, an average cell
elevation consistent ﬁith those in adjacent cells was chosen. Ele-
vations for the marshy areas were varied during the calibration pro-
cess in an attempt to account for the water which is stored in them.
It was found that adjacent inundgtable areas should have their

elevations set at different values. This is to preclude computational
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instabilities which can result when water is routed between a large
number of slightly inundated areas at the same elevation. The datum

for all elevations was mean low water (MLW).

Cell computation flags were determined by comparing the cell's
top and right sides to those in Fig. 3. The cells in the marshy
areas were encoded as inundation cells to permit f£illing on the flood
tide and drainiﬁg on the ebb tide. For computational reasons, an
extra row of cells must be included along the top‘and right sides of
each grid and are encoded as land cells. No computations are per-

formed in these or any land cells.

Convective acceleration flags were assigned by comparing flow
and no—flow sides around each cell to those in Fig. 6. To insure
computa;ional stability, it is necessary for forcing cells and inun-
dation cells with positive elevations to be consideréd closed cells
and aséigned convective flag 22. As modified, the program automat-
ically assigns a flag of 22 to all cells and then changes those for

which a different flag is input.

As indicated previously, submerged and overtopping barriers were
not employed~in this study, as they introduce two more parameters,
the discharge coefficient and the barfier crest elevation, which then
must be determined. Should the use of these devices be desired,
guidance for selecting values for these parameters can be found in

Reid and Bodine (1968) and Masch, Brandes, and Reagan (1977 a and b).

-22-



FLAG
[

12
13
14
2

22

23

24
S
32
33
34
41
42
43

44

CONVECTIVE FLAGGING

SCHEMATIC

OV Y T O I I A O i W A

SCHEME
FLOW CONDITION
TOP BOTTOM R SIDE
FLOW FLOW FLOW
FLOW FLOW NO FLOW
FLOW FLOW FLOW
FLOW FLOW NO FLOW
NO FLOW NO FLOW  FLOW
NO FLOW NO FLOW NO FLOW
NO FLOW  NO FLOW  FLOW
NO FLOW NO FLOW NO FLOW
FLOW NO FLOW  FLOW
FLOW NO FLOW  NO FLOW
FLOW NO FLOW  FLOW
FLOW NO FLOW  NO FLOW
NO FLOW  FLOW FLOW
NO FLOW  FLOW NO FLOW
'NO FLOW  FLOW FLOW
NO FLOW  FLOW NO FLOW
FIGURE 6

Convective Flagging Scheme

-23-

L SIDE

FLOW

NO FLOW
NO FLOW-
FLOW

FLOW

NO FLOW

NO FLOW
FLOW
FLOW
NO FLOW
NO FLOW
FLOW
FLOW
NO FLOW
NO FLOW

FLOW



Estimates for Manning's n were based upon the values recommended

by Chow (1964) and Escoffier (1977). The following formulas were

used to compute Manning's n from the cell elevation, z:

Tidal data were obtained

z>0 n

0.028 + z/1000. (3):

0.028 + z/200. (4)

from the Tidal Datums and Information

Branch, Tides and Water Levels Division, National Ocean Survey (NOS),

National Oceanic and Atmospheric Administration, Rockville, Maryland

20852. Records of hourly heights were obtained for the month of

August, 1978, at the gages shown in Table 1.

Gage Number
853-1680 -

-5375
-5445
~5562
-5581
-5561
-5695
-5726

~5838

TABLE 1

Tidal Gages

Gage Name/Location

Sandy Hook (SH)

Townsend Inlet (TI)

Great Sound (GS)

Shellbed Landing, Jenkins Sound (JS)
Stone Harbor, Great Channel (GC)
Nummy Island (NI)

014 Turtle Thorofare (OTT)

West Wildwood, Grassy Sound (WW)

Sunset Lake (SL)
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. 1
For each of the records, except Great Sound and Jenkins Sound, a

correction to be subtracted from each of the hourly heights to refer
the data to MLW was provided by NOS. The records'in these two sounds
indicated that whenever those gages went below one foot staff reading,
the gages stuck until the tide rose again to free them. Thus, those
two records con;ained no low water data except on 25, 26, and 27 of
August 1978, which was a neap tide period.. In order to use a complete
set of tidal data, one of those days, 25 August; was selected as the

calibration day.

For the coarse grid, the tidal record at Sunset Lake was used
to force the system from the south and the Towﬁsend Inlet record from
the north. To force the system from the ocean, the Sandy Hook record
was used and .modified to approkimate the tide to be expected at
Herefora Inlet. Tide tables (1978) provided the following relations

between the Sandy Hook and Hereford Inlet tides:

Differences
Time Height
High Low High Low
Water Water Water Water
hm hm ‘ ft ft
+0 02 +0 02 -0.5 0.0

These corrections indicate on the average the high and low tides
occur two minutes later at Hereford Inlet than at Sandy Hook and the

high water height is one~half foot lower at Hereford Inlet than at
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Sandy Hook, while the low water heights are essentially the same.
Since the time difference between the two sfations was considered
negligible, the Hereford Inlet tide was derived from the Sandy Hook
by adjusting that record as :follows: the recorded low water was left
unchanged, the recorded high was reduced by an amount up to 0.5 ft.,
and all intermediate heights reduced by linear interpolation. During
the calibration process, different corrections were applied, and the
correction yielding the best reproduction at Nummy Island, located

just inside the inlet, was accepted. This value was 0.25 ft.

For the three fine grids, the tidal heights for the forcing
cells were derived from known records or from the tidal heights

computed in the coarse grid, as indicated in Table 2.

TABLE 2

Fine Grid Tidal Data

Fine Grid ) Forcing Cell " Source
Jenkins Sound All Coarse Grid I10J04
(computed Nummy Island)
Great Sound 105301 Coarse Grid I119J05
106301 Coarse Grid T1I19J05
108J01 Coarse Grid I19J05
129305 Townsend Inlet
Grassy~-Richardson 132305 Coarse Grid 1I10J04
Sound 101309 Sunset Lake

[
In this table, IxxJyy refer to the X and y indices resulting from

the discretization process of Fig. 2.
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The missing records from the.Great Sound and Jenkins Sound gages
required an estimate be made of the correction to_reference those
readings to MLW. A correlation was found between the low water
reading on. any day and the correction to be applied to that reading

to reference it to MLW. A least squares analysis of the data in

Table 3 yielded a correlation coefficient of 0.9987.

TABLE 3

‘Selected Tidal Heights 26 August 1978

Low Water MLW
Reading Correction

01d Turtle Thorofare 1.20 0.46
Sunset iake 1.53 0.72
Nummy Island 1.87 1.01
Townsend Inlet 2.11 1.34
West Wildwood 3.28 | 2.47
Great Channel 4.07 3.39

The least squares énalysis yielded the regression equation:
MLW Correction = 1.0 » (Low Water Reading) - 0.84 (5)

as the line of best fit and was used to determine corrections of 0.30

for Great Sound and 0.50 for Jenkins Sound. The data and the
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best fit line are shown in Fig. 7. The measured and adjusted tidal

data for 25 August are contained in Appendix 2.

The next step in the implementation procedure was to select the
progr;m control options and t§ assemble the data into the required
input formats. Masch, Brandes; and Reagan (1977 a and b) detail these
options and formats. While the program does permit inclusion of wind,
precipitation, and evaporation effects, accurate information con- -
cerning these effects was not available, and hence, they were not
included. Further, since these effects are expected to be small
compared to the tidal effect, their exclusion should not Eause any
significant errors.

"zero" test case. In

The first run for éll of the grids was the
this test, zero height tides were applied to the grid and used to

locate any miscoded cells which produced nonzero flows and heights.

After correcting any coding errors detected'by the zero test,
the next run was to generate the flows and heights in each cell cor-
responding to the initial conditions of the calibration period. This
was accomplished through the program's control options to set the
initial hydrodynamics to zero or read them from tape or cards, and

to save the ending hydrodynamics on file.

For the coarse grid, four start-up techniques were tested. The
first technique was to set the initial hydrodynamics to zero and to
apply the observed tidal heights in the forcing cells for one tidal

cycle of approximately 12.4 hours. The ending hydrodynamics for each
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cell were then saved and used to approximate the initial conditions
at the beginning of the tidal cycle. This technique is illustrated
in Fig. 8a, which shows the response of a typical back bay cell to

the application of an observed ocean tide in a nearby forcing cell.

This proved unsatisfactory for two reasons. 'First, it was
found that if start-up was attempted with the initial hydrodynamics
set to zero while the applied tides were much different than zero,
surges would develop. These surges could result in computational
instabilities and physical impossibilities, such as water levels
greatly in excess of those applied. Second, upon restart, the flows
and heights across the tidal boundaries did not exactly correspond
to those iequired by Eq. (2). This resulted in the first 10-20
time.stgps of the restart being used to realign these flows and
heights, adversely affecting the simulation for a shért time period

at the beginning of the restart.

The second technique also involved setting the initial hydro-
dynamics to zero, but applied synthetic tides which started at zero
height and increased in magnitude following the observed tides until
the startingtheights were reached. This is illustrated in Fig. 8b.
"This technique eliminated the problems'associated with the first
technique and had an additional advantage of saving on computer
resources by reducing the computation effort required to generate the
initial conditions. However, since the datum chosen for the model
was mean low water, the tidal height at low water in the previous

-tidal cycle was over a foot and a half. Using this technique,
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substantial depth changes were required to fill the water cells to

that depth before proceeding through thé tidal cycle.

The third technique iﬁvolved writing a separate routine to fill
all water cells to the low water depth (1.69 ft. for the coarse grid)
and to set the x and y flows to zero. This information was stored on
file and read as the intial hydrodynamics for a run which started at
this height and followed the observed records to the heights of inter-

est (see Fig. 8c).

The last technique was similar to the third technique, except
the water cells were filled to the highest value observed in the
previous cycle and then permitted to drain and refill following the

observed records (sée Fig. 8d).

The tidal heights computed by the last three techniques were
within the thousandths of a foot in any one cell, with the correspoﬁd—
ing fléws within 10%. Confident that these resulfs were equally
accurate, the third technique was adopted, since it required the
least computational effort. For the fine grids, this same technique
was used, with the tidal heights applied being those generated by

the coarse grid during its start-up.

Given these starting conditions, calibration runs were con-
ducted for the neap tide case and the output refined through the
adjustment of the bottom friction and the elevations assigned to the
inundatable areas. The Hereford Inlet tide was also modified until

satisfactory reproductioﬁ of known back bay records was achieved.
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These final parameter values became those adopted for future opera-

tional runs.

3.3 Presentation of the Results

As currently structured, the program's output‘includes printing
hourly flows iﬁ the x and y directions and computed tidal heights for
twenty predesignated cells. Line printer plotting of computed and
observed heights is also';§ailable. While this information pro- |
vided some underétanding of the system's response, it did not pro-
vide the insight into the system's hydraulics that was desired. A
picture of the flow pattern at any point in time would readily pro-

vide the desired insight.

Development of the picture concept was easily accomplished by
combining the program's aBility to store instantaneous hydrodynamics
(h, Ae» and qy) for every cell at any desired time level with a plot-
ting routine designed to accurately display the information in pictor-
jal form. By checking the height in the cell, the plotting routine
determines whether the cell is a land cell, water cell, or inundatable
area, and whéther the inundatable area is wet or dry. It then plots
the x flow on the right side of the ceil and the y flow on the top
side, each appropriately scaled to represent the magnitude of that
flow. No-flow boundaries and forcing cells are indicated. A title
box is included, providing the name of the grid being plotted, the

date and time of the information, a key to the symbols employed, and
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the scale of the flow vectors. A marker indicates the point in the

tidal cycle relative to the ocean tide..

The models were run to simulate two tidal cycles (approximately
25 hours), beginning 2400 hours (midnight) 25 August 1978 and ending
0100 hours (1:00 a.m.) 27 August 1978. Instantaneous hydrodynamics
were saved at ten minute intervals and later used to plot flow
patterns, flow rate versus time, volume veréus time,land tidal
height versus time at selected locations. The ten minute time interval

was selected because it provided sufficient detail without an over-

abundance of data being saved.

'In reviewing the flow patterns it must be remembered that the
models are not yet calibrated to predict flows. The flow patterns

are contained in Appendices 3 through 6. These results are discussed

in the next section.
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4. DISCUSSION OF THE RESULTS

4.1 Coarse Grid

Figure 9 shows the coarse grid and its relation to the study
area. The output from the grid is contained in Appendix 3. Through-
out the following discussion, any reference to Hereford Inlet, Sunset
Lake, or Townsend Inlet is construed to mean the forcing cells at

these locations.

At the start of the simulation period the tide is rising. Sun-
set Lake is filling Richardson and Grassy Sounds, with some flow
through to Nummy Island. Hereford Inlet is filling Jenkins Sound,
with some flow up Great Channel to Great Sound. Great Sound is also

being filled from Townsend Inlet.

At 0100 hours the flows are decreasing. Jenkins Sound is now
being filled entirely from Sunset Lake. Little influence is being

felt from Townsend Inlet.

At 0200 hours high ocean tide occurs. An unexpected flow-
through condition exists, with flow in at Sunset Lake, through the
system along the Intercoastal Waterway.and out at Townsend Inlet. A

near slack condition exists in Hereford Inlet and Jenkins Sound.

By 0300 hours the tide is falling, but the flow-through condition
still exists. Richardson, Grassy, and Jenkins Sounds are draining,
with about half of the water leaving the system thfough Hereford
‘Inlet, the remainder flowing up Great Channel to Great Sound where it

drains through Townsend Inlet.
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As the tide falls, so does the influence of Sunset Lake. At
0400 hours the drainage pattern is similar to that at 0300 hours, but
the flow in Great Channel is greatly diminished. There is evidence
of a nodal point forming, indicating flow both up and down the
channel.

Maximum ebb flow occurs through Hereford Inlet about 0500 hours.
The nodal point has moved five or six cells up Great Channel, as
there is little inflow from Sunset Lake and increased discharge out

Townsend Inlet.

As the tide continues to fall through 0600 hours, flow is now
out through Sunset Lake. Flow magnitudes continue to decrease, and
at 0800 hourslow water is reached.- A slight flow is indicated up the
Intercoastal Waterway and out Townéend Inlet, but there is little
flow past Sunset Lake or Hereford Inlet. This corresponds to the

slack water condition.

| By 0900 hours fhe tide is rising. Sunset Lake is filling

Richardson and Grassy Sounds. Hereford Inlet fills Jenkins Sound and
Great Sound through Great Channel, while Townsend Inlet contributes a
small volume to Great Sound. The flow magnitudes increase as the
tide rises, reaching m;ximum flood flow through Hereford Inlet about’
1100 hours and then decrease as high tide is approached. High tide
occurs at 1400 hours, but it is not until 1500 hours that the slack
water condition exists in the inlet. Ag this time, the flow pattern
exhibits the same floﬁ—through condition as seen at 0200 hours, and

hereafter the cycle repeats itself.
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The flow-through character of the system is further displayed in
Fig. 10, which depicts the flow rate versus time at Hereford Inlet,
Sunset Lake, and Townsend Inlet. Flow into the s?stem is defined as
positive, outflow és negative. Figure 10 indicates the flow at
Hereford Inlet is generally sinuséidal, the flow at Sunset Lake is

predominately in and at Townsend Inlet it is predominately out,

Integrating the flow versus time curve with the trapezoidal rule
yields the volume passing the point with time. If the flow versus
tiﬁe curve was a true sine curve, integration over one cycle would
yield zero net volume. From the total volume line in Fig. 11, it
can be seen that zero net volume occurs at 1214 hours, or 1l minutes
before the eqd of the typical 12 hour, 25 minute tidal cycle. At
the end of the two cycles, however, there is a net outflow of water
on the Qrder of 1.8 « 10® cubic feet. Extrapolation of the results
indicate it would take én additional 50 minutes to bring the system
back to zero net volume, while Hereford Inlet would take about 80

minutes before its next zero crossing.

Computed and-observed tidal heights generally compared quite
well., At Old Turtle Thorofare, located in Richardson Sound, computed
and observed tidal heights agreed quite favorably, although the pre-
dicted values were slightly higher than observed values at low water
(see Fig. 12). The same was true for the West Wildwood gage, located

in Grassy Sound, as can be seen in Fig. 13.
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At Nummy Island reproduction was generally accurate, although a
slight phase lag was evidenced near the-extremes (see Fig. 14). At
the extremes the model slightly overestimated the highs and underesti-
mated the lows. These errors are directly related‘to the adjustment

of the Sandy Hook tide.

At Shellbed Landing, located in Jenkins Sound, reproduction was
also adequate, although the same situations occurred as with Nummy
Island. The observed and computed tidal heights show close agreement,
lending credibility to the least squares technique used td obtain

the MLW correction (see Fig. 15).

Comparison of the observed computed heights at the Stonme Harbor.
gage, Great Channel, is presented in Fig. 16. While of lesser
quality than the others, the reproduction of the observed record is

still considered satisfactory.

At the last gage, Great Sound, the computéd'fidal heights gener-
ally lead the observed heights by about half an hour (see Fig. 17).
Observed heights at Great Sound are consistent with the heights
obsérved at other cells in that the lows are not low enough, but they
also suffer in that the highs are not high enocugh. This may result
from too much water leaving the system at Townsend Inlet, thus not

permitting the tidal height to build up.

Overall, the ability of the coarse grid to reproduce observed
tidal heights is good. The problems related to the computed low water

heights are directly associated with the decision to leave the low
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water heights of the Sandy Hook tide unadjusted. Had these values
been lowered about 0.1 feet, reproduction of the low values would
have been much better. Problems with the highs are fine tuning ones,
and some adjustment of friction factors may help, but greatly.
improved reproduction of observed tidal heights is not likely to be
achieved.

Concerning the flows and flow measufements predicted by the
éoarse grid, it is clearly evident that the grid is too coarse to
accurately predict the flows in the system. In locations such as
Sunset Lake, Townsend Inlet, and Great Channel, channels that are
actually 500 feet wide and up to 30 feet deep are modeled as being
2000 feet wide and eight feet deep. As a result, these channels may
be too efficient and permit ;oo much water to pass. The fact that
Sunset Lake is constantly higher than Townsénd Inlet drives the
flow through thé system as observed. In reality,’much of this head
might be lost in the constricted channel connecting Sunset Lake with
Richardson and Grassy Sounds. At this point, velocity or discharge
measurements are needed to permit further refinement of the coarse
grid.

Despite'these shortcomings, as this is a neap tide day, an order
of magnitude estiﬁate for the minimum tidal prism for Hereford Inlet
can be obtained from these results. The maximum positive volume
occurs at the change from flood to ebb tide. Likewise, the most nega-
tive volume corresponds to the change from ebb to flood tide. Thus,
the difference between these two values represents the volume of the

.tidal prism for the ebb tide.
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Using the data for the first tidal cycle and taking the most
positive volume minus the most negative-volume, an estimate for the

ebb tidal prism is:
1.3 » 10® £€3 - (<4.7 + 10%) £t3=6.0 - 10° £t?
Applying this procedure to the second tidal cycle yields:
1.6 - 10® £t® - (-5.5 + 10°) £¢° =8.1 - 10° ft?

Similarly, the tidal prism for the flood tide can be.computed by
taking the most positive volume from the second tidal cycle minus the
most negative volume frpm the first, as this difference represents the
total volume which flowed in through the inlet. This calculation

yields:

1.6 - 10% £ft3 - (4.7 - 10%) ft¥®=6.3 . 10°% f¢?

The tidal prism for other tidal cycles is expected to be greater than

these values.

4.2 Jenkins Sound Fine Grid -

The Jenkins Sound fine grid is shown in Fig. 18. The output of
the model is found in Appendix 4.
Beginning at 2400 hours the tide is rising, and the sound is

filling. Between 2400 and 0100 hours inundation occurs in the areas

set at elevation 4.0 to 4.1 feet, as can be seen by comparing the two

flow patterns and noticing that some of the marsh symbols: have
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disappeared. At 0200 hours high Fide is reached, and then the sound
begins draining. By 0400 hours, the tidal heights are below 4.0 feet,
and the inundated areas become-dry once again, as.indicated by the
return of the marsh symbols. Draining continues until ‘low tide

at 0800 hours, after which filling begins. The rate of filling
increases through the maximum flood tide about 1100 hours, and
decreases to zero near 1500 hours. Thereafter, draining begins, and

the cycle repeats.

The inflow and outflow of the tidal cycle is readily evident in
Fig. 19, which shows the sum of the flow rates with time through the
grid's four forcing cells. The corresponding volume versus time graph
is Fig. 20. From Fig. 20, it can be seen that zero net exchange occurs
at 1218 hours or about nine minutes before the end of a typical cycle.

The net outflow at the end of the second cycle is 1.7 - 10® cubic feet.

The computed and observed tidal heights are compared in Fig. 21.
Reproduction is accurate, except at low tide. This reflects the inad-

equacy of the input data as generated by the coarse grid in this range.

Comparison of flow rates, volumes, and tidal heights for the
coarse and fine grid models of Jenkins Sound are made in Figs. 22 to
24. The flow rates show consistency between them, although at the
change of tide, the magnitﬁde of the coarse grid flow is usually
slightly larger than that of the fine grid. This is reflected in the
volume versus time comparison, where the coarse grid volumes are
larger, but the zero crossings are quite close. The computed tidal

heights show no discernable difference.
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FLOW RATE VS TIME
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FIGURE 19

Flow Rate versus Time - Jenkins Sound Fine Grid
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FIGURE 20

Volume versus Time - Jenkins Sound Fine Grid
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TIDAL HEIGHT VS TIME
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FIGURE 21

Tidal Height versus Time - Jenkins Sound Fine Grid
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FLOW RATE VS TIME
JENKINS SOUND GRIDS
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FIGURE 22

Flow Rate versus Time - Jenkins Sound Grids
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FIGURE 23

Volume versus Time - Jenkins Sound Grids
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Tidal Height versus Time - Jenkins Sound Gage
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This agreement between the coarse and fine grids of Jenkins
Sound is expected. In this instance, the coarse grid gonfigu-A
ration reasonably represents the true geometry, in that ome 2000 foot
wide, six foot deep channel to Jenkins Sound in the coarse grid is
equalled by four 500 foot wide, six foot deep channels in the fine
grid. This is not the case with the other grids, where the coarse

grid is less representatative of the actual geometry.

4.3 Great Sound Fine Grid

The Great Sound modeling area is shown in Fig. 25. The output

from the grid is contained in Appendix 5.

The simulation presented by the Great Sound fine grid model is
initially similar to that of the coarse grid, with Great Sound being
filled from both Great Channel and Townsend Inlet. As with the
Jenkins Sound fine model, inundation begins at four foot elevation

sometime between 2400 and 0100 hours.

By 0200 hours, the fine grid indicates flow up Great Channel,
through Great Sound, and out Townsend Inlet, as was observed in the
coarse grid model. At 0300 hours, the fine grid shows a near slack
condition in Great Channel, in contrast to the flow up Great Channel
to Great Sound predicted by the corase grid. Both models show

drainage out of Townsend Inlet.

Through the rest of the falling tide period, 0400 ~ 0800 hours,

the two models disagree as to the direction of flow in Great Channel.
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The fine grid indicates flow out of Great Sound and down Great
Channel, while the coarse grid shows flow up Great Channel into Great
Sound. This difference is undoubtedly due to the higher head 1loss
across Great Sound in the fine grid, as compared to that in the
coarse grid. This increased head loss results from the shallower
depths and more irregular geometry of the fine grid as compared to
the coarse grid. Hence, it is easier for the water to flow out at
Great Channel in the fine grid than to flow across Great Sound and
out at Townsend Inlet as seen in the coarse grid model. (It should
be noted the circular flow pattern found in the lower left corner of
the fine grid between 0700 and 0900 hours is a computation anomaly
and is due to the fact that it is easier for the water to circulate
between these deeper, lower friction cells than to flow into the
adjacené, higher friction, shallo§er cells.. This type of circula-
tion pattern would not be observed in nature over this portion of

the tidal cycle.)

As the tide rises, the sound again fills from both Great Channel
and Townsend Inlet. By high tide at 1400 hours, the inundatable
areas have again been flooded. Heréafter, the pattern repeats

through the next cycle.

Comparisons of the flows for the fine grid at Townsend Inlet and
Great Channel are shown in Fig. 26. This graph indicates predomi-
nantly inflow atiGreat Channel and outflow at Townsend Inlet. While
the forms of the hydrographs are similar, the inflow through Great

. Channel is nearly twice the inflow of Townsend Inlet at its maximums.
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FIGURE 26

Flow Rate versus Time =~ Creat Sound Fine Grid
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The two locations experience similar peak outflows. This translates
to a net inflow past Great Channel and net outflow past Townsend

Inlet, as shown in Fig. 27.

Comparisons of coarse and fine grid flows at Townsend Inlet is
shown in Fig. 28. It can be seen that, although the forcing cell at
Townsend Inlet in the coarse grid is four times as wide as the cor-
responding cell in the fine grid, and both are at the same depth, the
flow rate is not four times as large, but only two to three times
greater. This results from the technique used in Eq. (2) -to compute
the flow, which relates the flow in the cell to the difference
between the tidal heights across the cell boundary. Due to the non-
linearity of the equations, the resulting flows are not linearly
proportional. The volumes corresponding to the flows of Fig. 28

are shown in Fig. 29.

At Great Channel, Fig. 30, the fine grid shows more variability
in direction than does the coarse grid. This draining and filling
is what would be anticipated, rather than the flow-through condition
experienced in the coarse grid. The corresponding volume vs. time
graphs are in Fig. 31, which indicate both grids experience a net
inflow at Great Channel. The magnitude of this net inflow is much

less for the fine grid, however.

The tidal heights computed by the fine grid are shown in
Fig. 32. The figure shows favorable reproduction, except at the

extremes, although a slight time lag of about ten minutes is observed.
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FIGURE 27

Volume versus Time - Great Sound Fine Grid
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FLOW RATE VS TIME
TOWNSEND INLET
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FIGURE 238

Flow Rate versus Time - Townsend Inlet
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FIGURE 29

Volume versus Time - Townsend Inlet
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FLOW RATE VS TIME
GREAT CHANNEL
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FIGURE 30
Flow Rate versus Time - Great Channel
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Volume versus Time - Great Channel
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TIDAL HEIGHT VS TIME
GREAT SOUND FINE GRID
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FIGURE 32

Tidal Height versus Time - Great Sound Fine Grid
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Comparison of the computed heights by the coarse and fine grids is
made in Fig. 33, where it can be seen that the coarse grid simulation

is the slightly better of the two.

4.4 Richardson and Grassy Sound Fine Grid

The third fine grid model run was for Richardson and Grassy
Sounds. The éoarse and fine grids for this area shows significant
differences (see Fig. 34). In the coarse grid, Riéhardson Sound has
only one inlet/outlet, while in the fine grid, at least five cells
feed it, including 0ld Turtle Thorofare, which is not included in
the coarse grid. In the fine grid, the sounds are more irregular in
shape, with ﬁpst of the small, interconnecting éhannels represented.
In the coarse grid, most of this detail is missing. The output from

this fine grid is contained in Appendix 6.

At the start of the simulation period the models disagree as to
the flow pattern. The coarse grid predicts flow from Sunset Lake,
through the Intercpastal Waterway and down to Nummy Island. The
fine grid, however, fredicts flow in at both Sunset Lake and Nummy
Island. This filling pattern continues until 0200 hours when high
tide is reached. During the filling pfocess the lower elevation

inundation cells change from dry to wet.

After high tide, the.fine grid model predicts the sounds will drain
past both Sunset Lake and Nummy Island, in contrast to the flow-

through condition presented by the coarse grid. This drainage'
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Tidal Height versus Time - Great Sound Gage
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Grassy and Richardson Sound Fine Grid
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FIGURE 3%
Grassy and Richardson Sound Fine Grid




pattern continues until low tide at 0800 hou;s, and filling begins by
0900 hours. The large flows indicated near the entrance to Richardson
Sound during the draining process are again an anomaly similar to
that observed with the Great Sound fine grid and do not exist in
reality.

Filling begins shortly after low water and continues until just
past high tide. This time the sounds are filled from both directions
in both grids. Inundation again occurs in the fine grid when the
water levels begin exceeding four feet. The flow pattern.then

repeats over the next tidal cycle.

‘The flow rates through tﬁe forcing ceils at Sunset Lake and
Nummy Island are shown in Fig. 35, and the corresponding net volumes
in Fig. 36. The flow-through bias of the coarse grid is evident in
these figures. Comparisons of the flow rates and volumes between
the coarse and fine grids at these saﬁe locations. are presented in

Figs. 37 to 40.

The tidal heights predicted by the fine grid for 0ld Turtle
Thorofare and West Wildwood are shown in Figs. 41 and 42. The re-
sults show lags of 45 minutes to an hour between computed and
observed results. Such phasing indicates it is difficult for the
water to enter and leave the sounds. This can be caused by shallow
depths with high friction factors, resulting in restricted flow.

The lags should be reduced with additional fine tuning. Comparisons
wit% the coarse grid results are presented in Figs. 43 and 44, which
show the coarse grid is more aécurate in predicting water levels at

these two locations.
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FIGURE 35

Flow Rate versus Time - Grassy and Richardson Sound Fine Grid Model
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Volume versus Time - Grassy and Richardson Sound Fine Grid Model
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FIGURE 37

Flow Rate versus Time - Sunset Lake
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FIGURE 38

Volume versus Time - Sunset Lake
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Flow Rate versus Time - Nummy Island
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VOLUME VS TIME
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Volume versus Time - Nummy Island
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FIGURE 41

Tidal Height versus Time - 0ld Turtle Thorofare - Richardson
and Grassy Sound Fine Grid Model
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FIGURE 42

Tidal Height versus Time - West Wildwood Gage - Richardson
and Grassy Sound Fine Grid Model
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Tidal Height versus Time - 0ld Turtle Thorofare
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Tidal Height versus Time - West Wildwood Gage
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4.5 Comments

Overall, the reproduction of observed tidal heights is accurate.
Discrepancies at the extremes and phase differences between observed
and computed heights are matters of fine tuning and not believed to
be a shortcoming in the model. The quality of thé computed flows-
remains questionable, however, as no field measurements are available
for comparison. Once flow measurements are availgble and the models
are calibrated to predict both tidal height and discharge, it is
anticipated the fine grid models will provide more accurate results
than will the coarse grid model, as they better'represent the true

geometry.
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5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

5.1- Summary

The explicit, two-dimensional finite difference model HYDTID was

applied to the Hereford Inlet bay system and used to predict the

"system's hydrodynamic response to applied forcing tides. The model

predicts flow magnitudes in the x and y directions and the tidal
height in each cell by solving the vertically averaged momentum and
continuity equations within the constraints of the initial and bound-

ary conditions.

' Initially, a coarse grid model, with a cell size of 2000 ft. on
a side, crudely represented the true geometry, but was able to encom-
pass the entire study area. This model was forced from the north
near Townsend Inlet and the south at Sunset Lake by observed records
at these locations. From the east the model was forced by a tide
derived from the Sandy Hook record. The simulated tidal heights
and flows were refined through adjustment of cell depth and friction,
through modification of the Hereford Inlet tide, and by varying the

amount of storage permitted in the inundatable areas.

As finalized, the coarse model did not require inundatable areas
to accurately reproduce the six known tidal records lying within the
system. At specific locations the predicted tidal heights were then
used as the boundary conditions to force finer grid models. These
finer grids were located in Jenkins Sound, Great Sound, and Richard-

son and Grassy Sounds.
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The finer grids can more accurately represent the true geometry,
and with further fine tuning, should be able to predict the observed
tidal heights more accurately. The results were readily affected by

small changes in cell depth, roughness, and boundary definition.

Due to the lack of field data, none of the models are yet cali-
brated to predict discharge. Thus, the flow patterns predicted in
the grids are not necessarily accurate, and may, therefore, be

correct only as an order of magnitude estimate.

5.2 Conclusions

These restrictions lead to the following conclusions for this
study:
1. The flow field cannot be accurately defined until the
model is calibrated using field discharge méasurements.
2. The model does accurately predict tidal heights whenl
properly calibrated.
3. The neap tidal prism for ebb and flood flow in Hereford

Inlet is at least 6 » 10° ft3.

5.3 Recommendations for Future Study

This modeling effort was intended to be a first step in the
study of the hydraulics of the Hereford Inlet-bay system. Until the
model is calibrated to predict discharge, however, it is of only

limited usefulness. Therefore, a recommendation for future study

-is to calibrate the model to predict both tidal height and discharge.
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The preferred way to perform the calibration would be to collect
a complete set of hydraulic data over a full tidal cycle. This would
involve simultaneous measurements of tidal heights, discharge, and

bottom elevations in Great Channel and near Nummy Island at their

- previous gaging locations, and measurements in new locations at

Hereford Inlet, at Long Reach (in lieu of Townsend Inlet) and in
Grassy Sound Channel (in lieu of Sunset Lake). Concurrent tidal height
measurements, only, would need._to be:taken at the previous gage
locations at 0ld Turtle Thorofare, West Wildwood, Jenkins Sound, and
Great Sound. This would provide a complete set of consi;tent data

with which to calibrate the model.

Recognizing that this would be involved and expensive, a less
sophisticated alternative would be to take only the discharge measure-
ments and then relate them to tidal heights through historicaL
records. Using a bimodal Fourier series or similar technique,
amplitude factors -and phase differences could be determined relating
each record to the Sandy Hook record. Sandy Hook is convenient,
because it is a permanent installation and is always available. By
applying the amplitude factors and phase differences to the Saﬁdy
Hook tide, the desired records at any other time could be approxi-
mated. The Hereford Inlet record could then be derived from the |
Sandy Hook and Nummy Island records. With this data the modél could

then be tuned to reproduce the observed discharges and the predicted

elevations.
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Once calibrated to predict both discharge and tidal height, the
model would then be useful for predicting system response under vary-
ing tidal conditions. Application to sediment and contaminent trans-

port is also possible.
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APPENDICES

APPENDIX 1:

Tidal Hydrodynamic Equations . ..

The basic equations governing fluid flow are the Navier-Stokes
equations, which express the conservation of momentum in viscous Newtonian
fluids, and the continuity equation, which expresses the conservation
of fluid mass. The solution of tidal hydraulics problems involving
the Navier-Stokes equations is iﬁconvenient due to their generality

and nonlinear nature.

_In an effort to simplify their solution, Harris and Bodine (1977)
present a manipulation éf the equations into a form better suited
to tidal coﬁputations. The resulting equations stress the principal
phenomena and provide some insight into tﬂe nature of the sécondary
terms which are subsequently neglected. Basing their development on
the assumption that_sea water is incompressible, Reid and Bodine
proceed to partition the tidal fiow into large and small scale flows,
and then average these resulting flows over time and space. The

governing equations with groups of terms indicated by letters are:

X and y momentum:

aq -q aq q_ 9q '
X_ _X . _X__y_’x _ oh _ 2
Y 3 P a5y + qu gd . Fd Se§]+}f A w cosy (li
L ] t : B} l'J .74’ T T
A B C ) D E : F
t_a‘l‘ﬁ T 1 1] |J| f 'hu ﬁ4 = T . 1
q -q pL| 9, o4 . 3
Yo x Yy _ % o _oq° _ 2
ot d " 9x d oy qx gd dy gd Sey +RV w siny (2)
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continuity:
3 3 '
oh _ - 4y i}
3¢ - a4 "oy t e (3)
h'r_’ L T — L T —d
G H I

In these equations 9> qy, h, d, r, and e are defined in Section

2.1. In addition,  is the coriolis parameter; Sex and sey represent

the bottom friction: K is a dimensionless wind stress coefficient;
Vw is a measure of the wind speed; and ¥ is the angle between the

wind direction and the x axis, measured clockwise from North

In the momentum equations the terms labeled A are the unsteady

terms and represent the change of flow with time; terms B are the
conveétive acceleration terms and measure the inertia of the water;
termé C are the coriolis terms which result from the use of a
rotating coordinate system; terms D describe the slope of'tﬁe water
surface and the resulting pressure forces which drive the flow;

terms E express the loss of momentum due to bottom friction as a

function of Manning's n; and terms F represent the exchange
momentum at the water surface due to wind stresses. In the
uity equation term G represents the rate at which the water

rises or falls; terms H measure the rate at which the water

of

contin-

surface

converges

or diverges horizontally; and term I the net excess of precipitation

over evaporation.
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The explicit finite difference scheme applied to the equationms

is a time centered one in which computations of flows and water levels

are performed in "leap frog" fashion. Superscript notation indicates

the time level in the following manner:

t-1 : the previous time level (t - At/2)
t : the current time level (t)
t+l : the next time level (t + At/2)

t+2 : two subsequent levels (t + At)

Applying the difference scheme to the terms in the x momentum

equation yields:

: t+l,, . t-1,, .
aqx _ qx (1aJ) - qx (193)
ot . _ At
t+1,. . t-1,. . t-1,. .
fl_x_aqx=qx (1,5) g “GEH,3) - q - “TGE-L,3)
d 9x d 2 Ax
X
where
t,. . t,. .
g =4 (i,3) + d-(i+1,9)
X 2
- t-1,. . tjl s s
G My Gy BB e @D
d dy d 2 by
X
where

1 t-1 t-1,,
= = i, 3) + i+1,j
q Z [qy (1,3) 1 ( 3)

t- e . - . .
*ta La,s-1) + qu L+, 510
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- fay = - Qe | %)
g ¥y [T -BfE.] a0
g ox g‘x * Ax
g.n.> )
- T x t+l,. .\ ——=
5 fex (2.21) . a 43" fa, "(5:3) + a/d) (1)
. X
where _
_n(i, i) + n(i+l,j) :
X 2 (12)
and _ 1/2
— @t + @2
q/d = ) z (13).

X

In these expressions the only unknown is qxt+l, the flow per

unit width-in the x direction at the next time step. Combining the
terms according to Eq. (1) and solving for qxt+l, the following

explicit relation is obtained:

t-1,, . t=-1,. .
qx (laJ+l)-qx (1:3-1)

T O P Iy
qX (133) - [qx (I)J) At . dx .

2 Ay
t t
o - h (i+1’j) - h (i,j)
+ 'At qu At gdx A
+ At KV 2 cosy I/¢C (14)
w fx
where
e, - e, en? ae
I TE + = a7
x * 2.21 d_

(15)
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Similarly, using finite differences_on the y momentum equation

yields:

t+1 t-1 qx

t-1 t-1
_ 141,4) - i1, 3
4, ( j) 9y (i-1,3)

9y T, Sy T,y T A

nti,3+1) - nt(d,9)

- At qu - At g dy iy
2 .,
+ At K YW sin W]/ny (16)
where )
q ", 3400 e, 5-1) e ? At .
Cf =l+_§—§'j ' 2yA + I 4/3[‘1/d]
v y - Y 2.21 . d
y
7)
t,. . t,. .
g =4 (i,j) + 4 (4,j+1) (18)
y 2
- _1 t-1,. . t-1,. . t-1,. , .
qX - 4 [qx (193) + qx (1’J+l) + qx (1 1,_‘])
t-1,, . '
+q, (i-1,3+1)] (19)
L n(i,3) + @, 3+) (20)
vy 2
1/2
— @+ @ et
q/d = X 1 J (21)
y
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Lastly, the unknown water level, h, can be found from the
continuity equation and the two flows per unit width just computed

as follows:

oh _ 02,9 - ntE,

o - A (22)
+1,. . +1 . .
dq, qxt l(1,3) - qxt 1(1—1, » _ :
= (23)
ox Ax
+
3. 0.t 9) - o T,3-D
A A (24)

dy Ay

Combinirig these terms in the form of Eq. (3) and solving for
ht+2 yields:

' + +1,, . .
©2 AR COE IS TSI CIR ID
h(iaj) =h (isj) - At Ax

t+1 t+1,,
L) - Jie1
q (i,3) a9, (1,3-1)

By + At (r-e) (25

- At

The leap frog nature of the calculations results in the dif-

+1 L. q t-1) being centered on the

y
T2 _ ht) being centered on the

t t-1 t+
ference (qx - q ) and (qy
t time level and the difference (h

t+l time level. In an explicit scheme, because the time steps are

quite small, using different time levels should not produce significant

error.
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In the preceding expressions, cell (i,j) was assumed to be
an open water cell and was free to communicate with adjacent cells.

When flow between adjacent.cells is not permitted, the convective

q aq q dq
terms —z-. ——E-and = ——z-must be reformulated to reflect the
d ay d ax

actual situation. This reformulation is accomplished by the con-
vective flagging scheme mentioned in Section 3.2, which designates

the appropriate calculation to be performed in the x and y directionms.
The two flags each range from oné to four and indicate the following

computations are to be performed:

Flag Value Type of Approximation
1 . Centered Difference
2 Zero
3 Forward Difference
4 Backward Difference

Mathematically, the following computations are accomplished:
x direction

Flag Computation

- t-1 t-1
1: P i,j+l) - (i,j-1)
E}: 9, ) EZ 9, (1,3 9, h| (26)
d oy d 2 Ay
. X
2: q 9q
X X _ -
i 0. @27

-98-



Flag | ‘ Computation

- t-1 t-1
3: 9 i,j+1) - i,4
Y %Yy % (1,3+1) - q ~ "(1,3) (28)
d dy d Ay-
X
- t-1 t-1
42 0 (i’.) - (i,.-l)
Yy By Yy % 3 - aq, j (29
d oy d Ay
, x
y direction
Flag Computation
a, 3, q, a9 - q THE-1,9)
1 T m T T . (30)
' d 9x d 2 Ax
y
2: L9y dq
a tox 0. (31)
- t-1 t-1,.
: d i+1,j) - j
3 L (1+1,§) - 4" "(1,3) (32
d ° 9x d_ ° Ax :
y
— t-1 t-1
: a .’o - ) .—l
4 &% %y % Y (1,3 9, ~(1,3-1) (33)
d ° ox dy ‘ Ax

The physical situations corresponding to the 16 possible two

digit flags are displayed in Fig. 6, Section 3.2.
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APPENDIX 2: Tidal Data
o SH A o ML ,
25 Aug _
2400  6.62 4.15 -~  3.98
26 Aug
0100  7.13 4.66 -  4.45
0200 7.28 4.81 -  4.56
0300 6.82 4.35 -  4.14
0400 6.01 3.5 -  3.38
0500  5.12 2.65 -  2.53
0600  4.47 2.00 - ° 1.92
0700  3.98 1.51 -  1.47
0800  3.85 1.38 -~  1.38
0900 4.09 1.62 -  1.58
1000 4.8 2.39 -  2.31
1100 5.73 3.26 =~  3.14
1200 6.52 4.05 -  3.89
1300 7,23 4.76 -  4.55
1400  7.56 5.09 -  4.84
1500  7.42 4.95 -  4.74
1600  6.76 4.2 -  4.11
1700 5.83 3.36 -  3.22
1800  5.18 2.71 -  2.61
1900 ° 4.55 2.08 - 2.0l
2000  3.99 1.52 -  1.49
2100  3.72 1.25 -  1.25
2200 4.03 1.56 -  1.52
2300  4.75 2.31 <~ 2,23
2400  5.53 3.06 -  2.91
27 Aug .
6.24 3.77 -  3.61

0100

4.85

5.38
5.51
5.26
4.64
3.91
3.01
2.33
2.03
2.36
2.98
3.73

4.58

5.35
5.76
5.75
5.42
4.80
3.90
3.07
2.31
2.08
2.37
2.90
3.50

4.18

4,13

4.66
4.79
4.54
3.92
3.19
2.29
1.61
1.31
1.64
2.26
3.01
3.86
4.63
5.04
5.03
4.70
4.08
3.18
2.35
1.59
1.36
1.65
2.18

2.78

3.46

.

5.07

5.49
5.41
5.06
4.52
3.77
3.03
2.65
2.52
2.89
3.47
4.20
5.00
5.55
5.73
5.69
5.25
4.57
3.83
3.09
2.63
2.55
2,79
3.3
3.86

4.39

3.73

4.15
4.07
3.72
3.18

-2.43

1.69
1.31
1.18
1.55
2.13
2.86
3.66
4.21
4.39
4.35
3.91
3.23
2.49
1.75
1.29
1.21
1.45
1.99
2.52

3.05

4.34

4.89
5.05
4.81
4.23
3.55
2.75
2.07
1.70
1.82
2.50
3.19
4.06
4.84
5.29
5.31
5.01
4.45

3.63°

2.78
2.09
1.69

1.91

2.39
3.05

3.68

3.88

4.43
4.59
4.35
3.77
3.09
2.29
1.61
1.24
1.36
2.04
2.73
3.60
4.38
4.83
4.85
4.55
3.99
3.17
2.32
1.63
1.23
1.45
1.93
2.59

3.22

6.38

6.89
7.05
6.84
6.28
5.59
4.81
4.13
3.75
3.87
4.54
5.25
6.11
6.86
7.27
7.30
7.05
6.47
5.66
4.82
4.14
3.76
3.88
4.42
5.05

5.68

A
3.91

4.42
4,58
4,37
3.81
3.12

2.34

1.66
1.28
1.40
2.07
2.79
3.64
4.39
4.80
4.83
4.58
4.00
3.19
2.35
1.67
1.29
1.41
1.95
2,58

3.21

NI

5.15

5.28
5.49
5.12
4.56
3.68
2.95
2.55
2.33
2.56
3.18
3.98
4.73
5.49
5.68
5.71
5.36
4.52
3.79
3.02
2.50
2.32
2.58
3.11
3.72

4.30

4.14

4.27
4.48
4.11
3.55
2.67
2.94
1.54
1.32
1.55
2.17
2.97
3.72
4.48
4.67
4.70
4.35
3.51
2.78
2.01
1.49

'1.31

1.57
2.10
2.71

3.29

4,34

4.78
4.96
4.71
4.16
3.51
2.78
2.13
1.73
1.81
2.45
3.20
4.03
4.78
5.18
5.23
4.89
4.35
3.60
2.82
2.17
1.77
1.83
2.38
2.97

3.62

3.84

4.28
4.46
4.21
3.66
3.01
2.28
1.63
1.23
1.31
1.95
2.70
3.53
4.28
4.68
4.73
4.39
3.85
3.10
2.32
1.67
1.27
1.33
1.88
2.47

3.12

7.18

7.63
7.73
7.38
6.82
6.17
5.41
4.84
4.52
4.75
5.33
6.08
6.89
7.60
7.92
7.90
7.60
7.01
6.22
5.43
4.83
4.52
4.71
5.26
5.86

6.44

3.79

4.24
4.34
3.99
3.43
2.78
2.02
1.45
1.13
1.36
1.94
2.69
3.50
4.21
4.53
4.51
4.21
3.62
2.83
2.04
1.44
1.13
1.32
1.87
2.47

3.05

GS

4.07

4.55
4.72
4.50
3.96
3.33
2.61
1.98
1.56
1.48
2.10
2.87
3.72
4.51
4.93
4.96
4,68
4.17
3.43
2.66
2.03
1.55
1.49
2.06
2.71

3.34

3.81

4.25
4.43
4.20
3.66
3.03
2.31
1.68
1.26
1.18
1.80
2.57
3.42
4.21
4.63
4.66
4.38
3.87
3.13
2.36
1.73
1.25
1.19
1.76
2.41

3.04



SH
HI
SSL
TI
OTT

NI
SBL
GC
GS

KEY TO APPENDIX 2

Sandy Hook

Hereford Imnlet
Sunset Lake

Townsend Inlet

0ld Turtle Thorofare
West Wildwood

Nummy Island
Shellbed Landing
Great Channel

Great Sound

Observed tidal height
Adjusted tidal height
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APPENDIX 3:

Flow Pattern:

Coarse Grid

. ¢ .
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FLOW PATTERN FOR COARSE GRID
2400 HRS 25 AUG 1978
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2

{ = :
XXX"’“*V RARE RSN
Y AD A A AR 9.9 l
X

AL A XA AT
A XA AL X m PAD AV AN AP AP DA G O 4D B A 4

»

x

X X X x
X X

x X
w X
% A
x X

E
x x [-
XX X X X X

)



FLOW PATTERN FOR COARSE GRID

0100 HRS 26 AUG

X - LAND CELL
X

1978

INUNDATION CELL
@ - FORCING CELL

— - NO FLOW BOUNDARY
SCALE - 100000. CFS / INCH

XAXAAAXAAAXTAAAAXAKXXAXAAXAXXX
MY A A o o om o o o ow X x X x » x
Yo% x x X X X X ® %X X x x x x
X X x X X x x . x x x T
X_ nxxxxx’x: ®x X x X * x ~*-
X;;%’ _:_-b' .‘A-b -b"’l: * x x x x x‘P—a -5.-94‘
o + + D »* + »*x X x X X X x x x
{ % x L. T x X X X m X X X x * x % x
XXX*‘*'X;ﬁ%$$$%$e§~ﬁs
XAAAASA s b | XXX A XA A A KA
AXAAAAX XD XA AL XA AL

-104-

X

x

’
I

7’
AN

X

NN N X X X X X X XX



FLOW PATTERN FOR COARSE GRID
0200 HRS 26 AUG 1978

X - LAND CELL

X - INUNDATION CELL

M - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 100000. CFS / INCH

XAXAXAAAAXAAXAXAXAXAAAAXAXAAXAXXKX XX
YO Y Y x o x % % ox x % x X X 9 x X Cox ox = X
Y o ®x % x % x x X ®X X - x %X x x o x S
X . x X x X 9 x o x % x . -v-. ) x 7
}’_ L o o ¥ x om x X X X x X x x X -;-&0—9&'7 x X
X 4 -9 + I D S I x x x x x x x D-P S x i
AL N &
3 x o+ 4 D ox x o x x %X x x = x x x x x x X
\ SRR S | 2
KA % = . s s x o X X X % X X X X LF x x x x x x X
Y S m o ox ow —B—%—B—B—B—E—E—E-ﬁ x = x x Y x )
A D A - - | P DA A A D G A G A 4 A U S )
X A XX P A 00 O X X >0 X X X 0 20 X X X XXM



FLOW PATTERN FOR COARSE GRID

0300 HRS 26 AUG
X - LAND CELL

x_
O - FORCING CELL

1978

INUNDATION CELL

— - NO FLOW BOUNDARY

SCALE - 100000.

CFS /

INCH

(X XXX MXEX XX

XAXAXAXAAAXAKXAXAAXXXAX X
XA XA = x x ®x X ® X x x X x x x x x X
X x % x x X X ®x X x X X x X S e x
p 4 . x x x x x « *x o X -b I x X
ot e x x %X x x : * X X X X X X % X ;-5*’—9 x X
R x X x x X x Ny
E}bf x_bi ¥ + : 45-91—9{74'- ¥ X x x X X X x 4;91—9;;%! x x V:IV;(
o o ) - ", T » A X X ®x X X X x . x + x x = x x w X
XN = oxox % X ééfé S > P e-e~e-e-§$ x X x X
GG A D S A 4—+<' ‘ DD D A A A G P
A A 4D AD AP A Gl LI NI A AP AP AP S A S A G G 4D G S G G S
-106-



FLOW PATTERN FGR COARSE

0400

3 X X

. SCALZ

LAND

W
‘o
—4
O

HRS 26 AUs 1978

cell

INUNDATION CCLL
rGRCING CELL

NO FLOW BOUNDARY
100000. CTFS 7/ 1NCH

XAAXAAAAXAAAXXAAAXAXAAAXAAAAXXAXAXX
XXX = = = x = % = x x xX X X x x = = X
X % % x % x % x x x X X x X x - x X
X . x M %X x X X e-. x x x ---9“.)5)(
_ + » H .+

K . X x e X x X X X X X X X X X X ~&-9—% x X
Ej+‘ -9 i x\1Q- x X X X X X x;x x = x x x X
A = x '~ +. _x\l;: * x x x x *X X " ox o= ox = x X
YA = % % ox K QA‘; . + 2 % B -9' x % x x X = X
X KA AA A y’,@¢§§’ AXAAA XA A A AL A A AN
XAAAAXATBEAAAAAAAAA A AL A AAXX

-107-



FLOW PATTERN FOR COARSE GRID
0500 HRS 26 AUG 1978

X LAND CELL

X INUNDATION CELL

M - FORCING CELL

- NO FLOW BOUNDARY

SCALE - 100000. CFS / INCH

ANVANE,
VARV

AAAXAAAXAAAAAXAXAXAAXAAAXAAX XX

A A A % % x = o= =X = x . x x x x
A % % x = x x X = %X X - - x % %X X
= X X X X X e - x X x
o——— +
. x X x % x X X X X X X X X x
—_— <+

% 3 7! »x E E 3 » x » 3 x

Xoxox oxoxox A ANA x

A A 2 ’| D A A A A A A

N A A A AP A A A A A A A A A
-108-

R |
,’xxxf

VNN N XWON X X X X

,oN
l"\

kY



FLOW PATTERN FOR COARSE GRID
0000 HRs 25 AUG 1978

X - LAND CELL

X - INUNDATION CELL

M - FORJING CELL

— - NO FLOW BCUNDARY

S.ALE - 100000. JFS / INCH

ANVANS
VARV

XHXAAAXAAXAXAAXAAAAAAXXAXAAXX
A AAA % = x x » x x = . X X X x x . x x x X
X x x x o= x X X X X x xxxx'~.-.-‘ x X
X * X X x x x & X x X +->'| x X
)(_ xnxxxxvx:nx‘nxn: ;»v_;bxx
X + X X X X X X x + o+ :—&'5—97
E]. 4 + —L :_%7€‘-+x!:::xx’nnxxxx

Y = x —x<7:zxnnx;x.x1xa‘:&nx
xxx;;xnx4§7. | Tk ox ox ox X ox X
KA A AS AL QSﬂ XAXASAAAAAAAAANX
A XA A / % AAXAXAAXASAS AL S AAANX



FLOW PATTERN FGR COARSE oRID
0700 KRS 26 AUG 1978

X - LAND CELL

% - INUNDATION CELL

M - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 10000C. JFS / INCH

ANVANS
VAR

XXXXX‘XXXXXXX'XX_XXXXXXXXX

X X X
XYY = % x % =X ® x x . *x X x ™ X . x = x X
X % x x x x ®x x x x = - x X x x . _— x X
X X X X X = X « . x X X -b} x X
X—-.xxnx!x‘x:‘xnxxx:x *«é-é x X
—_— e — + ’ g
¥ . I_g-g‘ * X X X x s 0+ 3 x X
. e o P& V'7"’ -
M- * I 3 x & ® ®X %X x X x X x X 9w X x x
K = = LT = <#7 x ®x X X X X X ) X Ox x X X =
XY S =x x = = €7ézzi e x x x x Y x
AAXAAAA | AAAAAAXXAAAXA AN
AAAAASAADEAA AL AL AAASAASA X

-110-



FLOW PATTERN FOR COARSE GRID
0800 HRS 28 AUG 1978

X - LAND CELL

¥ - INUNDATION CELL

0 - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 100000. CFS / INCH

“111-

A O A A A A A A S A S A A GP A A A S AP A S A A A i 4
Y % om ow o m ox % % ox X x x X x x x x X
A o ox o ® O®X X X X O OX O® X x x x x x A
A X X X X x x x x x s | x 7
. et T X x X x X x X X X X X x xX x X Tt + x
A I l | X X ®X X x xX X + i x »[M+.X
O x . x ) X X X X X x X ’ x % x = x x 7
S o= = LT n Y * x X = X = m X ’ x x x % x = X
KA ok om ok ok A e e e e e e ok ox % A= X
XA AL A | A ASAA A A A A S S A
AAAAAXADEOAALASAA LSS LA A AN A



FLOW PATTERN FOR COARSE GRID

0900 HRS 26 AUG 1978

X - LAND CELL

X - INUNDATION CELL

O - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 100000. CFS /

XY S % x o x m o mx o= o= m x
X % % x % % X X x x x

X . x X x =xX x x

)(.__f X X X X x x i X X X x
YA | Tk x ox
E}9$, x T : * + * x x = x
X!i _!’xzxnx
LM A ok om ok mX A b s s s
KA AKX A |

XA AAAAXTEONAXX M XA

-112-

INCH

x x

x =

k !

-

-

XX XXX AN
b AD AP 4

X X
X X x

X X x x
X x x x [ x
XXX XXXXXXX

~ Y

XXX



X
X
X
X
X

OB A DS U SN M A0 WD UG NG O MBS WG OER NN N am W B

FLOW PATTERN FOR COARSE GRID
1000 HRS 26 AUG 1978

X - LAND CELL

X - INUNDATION CELL

O - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 100000. CFS / INCH

ANVANS
VARV

XXAAAAAAAAXAAAXAAAXXXXAXAXAXX XX

XY M o om o o % % o = . x X X x X S x x x X
X X X X X X X x X = - X *x x x e x X
x X X X X x -9‘4 . X X % - ‘ x X
— @ > PR
. x X X X. X X x %X W ®X = X X X X ¢ € x X
- 4 . 4 N
4;5.5 | | x O X X x X X .« . F % ¢/ X
- o — . . + *
M = e x D X X X X x x X x x x x x x X
R . . ¢ —— lP -
- xéPx X X X X x x X *x x = x = x N
*
x X —5-9'5'9 D D > > » 2 x x x x X =x X

%
"(l(

x
T XX ‘P%l PP A A O A A A A DD O b
>’>’%%y>/>/y>'>'>f>f>/>’><>:><><><>:><

-113-



FLOW PATTERN FOR COARSE G3RID

1100 HRS 26 AUG 1978
X - LAND CELL |

- INUNDATION CELL

*
O - FORCING CELL
— = NO FLOW BOUNDARY

SCALE - 100000. CFS / INCH

A AXAXAAXAXXAXAAAXAXAAX
A XXA = %= = x x x x x
X % x % x = = % x x x
X x X X X »x X D -
—— e @
X : x X X O® O E X x x
. &
X 4;5 -5‘ L .‘ .. *4 L% x X
BN x x x
-

x x x

x .

1

o

»

3

A X X
x x
x X x
L 2 S
*x X x
x = X
T o

XAAXAKXAXAXX

x
x
x =
<&
>
x
&

3

=

X
x x X
x X
x X
x X

&
H{EK-X

x x X

| L Iy :
xxxxu-x>ﬁﬁ@$$$e$$$a,,,.xix

. N N 1 !
XA A AL A oD |

MOAA A S AA KA KA AAX

A AL AAAXDTOE AL AAXLYL AL ASSLSAAXX

=114~



FLOW PATTERN FOR COARSE GRID
1200 HRS 26 AUG 1978

X - LAND CELL

% - INUNDATION CELL

0 - FORCING CELL

— = NO FLOW BOUNDARY

SCALE - 100000. CFS / INCH

AN
VARV

XHAXAXAAXALXX AL XXXX AN

X
X X = = = % = x = x - ¥ = * x x - - ®x x
*

X X

= x x * 3 3 * 3 > . . . »*® x x * o .

.
. 3 = x * o = -3 > . x 1.3 » . . . - l
—_— . < & . -
= »* * x- x = E 3 * = x » x 1 » . . 4

. ,
‘¢§% *.’.;_;.|.° .

» - x

XX X X XX

&
|
_Q&
X
X
X
x
x
X
.9
X
x
x
X
X

x x . € »x X x x X »x » X x x x X X
R <= SN N NN
-@j’xxxxxxxxxxx*tx
AP I I P I b P AP

X X X X

MW X A AN éé

X
>:><><><‘><>:%

-115-

X X X XX

%

X X X

X X X XX

X X



FLOW PATTERN FOR COARSE GRID
1300 HRS 26 AUG 1978

X - LAND CELL

¥ - INUNDATION CELL

0 - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 100000. CFS / INCH

ANVANNY
VARV

XAXAXXXAAAAXAAXAAAXAAXXAXX
A A X x = = x x x x x . *x x x x x
*

x X
K X
x X
X X

» K'! » x * *x® x . . . » »x = »*

x x x L 4 x x » » »x I * L L3 = =

x

X

A

X

X . xn::xx-b.“-'..n:x
9 .

X

*

x oxX X x x x X -99.-9 »*
FE—DI_::-~-‘-';--9:!&!!:;
N % X L 3 x X X x X x X x x X X

NN T
DS | X XXX X XA X MK XA
VL A YA A SIS AN A A AN

X

X
x
).
x
x
X X x x x [
XX X X XX XXX

<X x

N\
'

-116-



FLOW PATTERN FOR COARSE GRID

1400 HRS 26 AUG 1978
X - LAND CELL

¥ - INUNDATION CELL
0 - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 100000. CFS / INCH

. . I 3 | X X X X x
> > - i .
[B{;F. x B * . *x x X X x

X = = S x x

3

T I N

o

. 4
XXX XX OEAX A AKX AX

-117-.

XAXX XXX

5

XX X XYM X ] XXX XA XX KK KX

x L3

X
XX X X X



4

X X X

* x .

RERS
TSR
X % x

XY A =

XXX XXX

-

XX XXX
YA B D D D

A XA X

=

*

x

x

x

»

3

+

®

FLOW PATTERN FOR COARSE GRID

1500 HRS 26 AUG 1978
X - LAND CELL
X - INUNDATION CELL

u

FORCING CELL
NO FLOW BOUNDARY
SCALE -

100000.

CFS / INCH

XXX XXX

*

3

'\

L a?
SRR I

AAAAXAXXAAXAKAAAXXKXAAXXK
x X x x X x x ®x x x = x X
x x x x ®x ® x x X
x x *x X % o + ._ T o« X
x = - x X XK X X % x ‘-;;+>‘4>; x X

' ‘. x X % X m X x 4ﬁﬁ>.4> —B' = <Qq§B%§(
‘r X X X % ¥ X X AL. x x x = x x X

x :i; x x x 4%. x x x x x = X
T bbb bbb AT n ok x kX x X
a yyx/xyxyxx>'<><><x><
D G A A S A G 4D 4D 4D I G A 4

-118-



FLOW PATTERN FOR COARSE GRID
1600 HRS 26 AUG 1978
X - LAND CELL

X
m -

- INUNDATION CELL
FORCING CELL

— - NO FLOW BOUNDARY

SCALE -

~

100000.

CFS / 1INCH

~

XXXX x X x X x X
X = = = x = =" x x x
X . X X x X X X

X - m o o= o= k%

\/

a5 v e —

er.+.+ ;
X XY ox o= = ‘Xdﬁ:
N D A A A AN A

XXX XX )’(EB%X

N
i
-+ . »
COIE T T T -b.-B'b

5

\/

x = . x » 3 3 *

x »* » x »® % x
x = x x 3 x x
3 = 3 x x 3 3

E3 *® * x x » b3 x

A XXX XX X
XX AAA A XA

~119-

x X x x
XX A
MDD A

3 x

NOX X X XWX X XXX

XX x o x ox

pl



FLOW PATTERN FOR COARSE GRID

1700 HRS 26 AUG 1978

X - LAND CELL

X - INUNDATION CELL
0 - FORCING CELL

— ~- NO FLOW BOUNDARY
SCALE - 100000.

A\

/N

CFS 7/ INCH

X XAXAXAXAXX
XAXXA x x =
A =% =% x x x x

* = Ed

\/

X XX

AXAAAA XX

X X

\/

X X

XAXAAXAXAAAAXAX X XXX

» . - 3 - x*

»*¥ X xX xX =

* X x x x XX
x X x
XX A M A A X
A XA A A X

»* x 3

NN X X XY X X XXX



FLOW PATTERN FOR COARSE GRID
1800 HRS 26 AUG 1978

X - LAND CELL

¥ - INUNDATION CELL

[0 - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 100000. CFS / INCH

XAXAKXAXXAXAAAAXAAAXAXAXXAAAXAXX XX AX
X XX x x %= x % x x x x X =% X x ® x x X
K % x x x m X * X x X .- x X x x e x X
X X X X X xX % &« x X = I 2 T X
X T x x X X x x ¥ * X X W X ® W ¥ X ) —9‘ X
X_—;'-E— < s AN > Id’ x x x X X X x %7—5}7“\\
- - + + <+ .
- x » b D = % X X X X X %X x * x X
X % = ) + . ¢9 ;s\/: X %X %X X ® X x ) * x x X
X X ow o xoxox X A x X % X
A v v B A A LN
A A AN AL PP D DA G D D S S 4 ESED A
-12]1-.



X X
X X

3

XEXXXXX X

FLOW PATTERN FOR COARSE GRID
1900 HRS 26 AUG 1978

X = LAND CELL

X - INUNDATION CELL

0O - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 100000. CFS / INCH

v/

X X X ® X X . X X X x
x x x X x x x x =
»* X X x % = x x
<
x X xX X X M X ®X X X X M X
v
I-E—E' X x X X x X x +
<P 4 -
-b—% » & X X X X X X
. — -
x ;7 X X X X X X xX x
4 x x x

EEIK XA A A X

-122-




FLOW PATTERN FOR COARSE GRID
2000 HRS 26 AUG 1278

X - LAND CELL

¥ - INUNDATION CELL

O - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 100000. CFS / INCH

NN
VARW,

XX XEXXXXXX

XHAAXALXAAXAXAAXAAAXAAAXAAAXXAAXAXXAX

MMM o x o ox % x O® oW X - x X X x x . T ox o ox X

X X X X % X X * X X S x X X X e x X

x X X X X X ¢ x x % % l x X

T x x % x m x  x %X x x x x x % x .~¢—9. x X
T e |'b-5 l‘b %% x X x x + 7 x‘b—az-.—&)(

++ 3 —_.-bq; xd'?e-é * o om x  x » o x ) x % X 9w ¥ X 4
x = ._xvx % x X x x  x ) x ®x = x = x X

A A = x x x X €_€7. ok ok o= x X x X

R A N A R R R R R R RS R

XXXXX.XX’%%VV.XXXX XX)’:\X\/{.X,\-’.XXY



FLOW PATTERN FOR COARSE GRID
2100 HRS 26 AUG 1978

X - LAND CELL

* INUNDATION CELL

8 - FORCING CELL

: NO FLOW BOUNDARY

SCALE - 100000. CFS / INCH

AXAAXAAAAAXAAAAXAAAAXAXAAXAXAAAXAAX
X AXAAY = = = % x % = =% . x x x x = x % x
K = x =x= *x % x =X x x x x x = X *
X x X X x x x x = x .‘ »
X_ x x x X x x x= X ® ™ m X X X X Tt x
X—__ - +*| X x = x X X X .n. +[»
Ej._:: --_—-*’:" X X X X X X X x X X x % x
X:n.-'~-~ xénxxxx:nn X x x x x X
X Y x n x = X .é’. x x x x Y x
XX AAAAS o e | XX HHA A A AN
AXAAAAXDOAAAAXLASAAAXA XX XXX

~124~

XX XXX XXXXXX



FLOW PATTERN FOR COARSE GRID
2200 HRS 26 AUG 1978

X - LAND CELL
¥ - INUNDATION CELL
0 - FORCING CELL

NO FLOW BOUNDARY
SCALE - 100000. CFS / INCH

ANVANY
VoY

XXXAAXAXAAXAAXAAXXAXAXAAAXAAXAAXAAXAX
X XXX x = x x % % x x : X x x X x o o= o= X
X % % % = x x x ® ® % xxg;...... x X

X X O ®X X x % O l,‘X

X
X .- % o o= X = X x X x X X X ®X X X o - = X
X

Xxx.'-.-. x'xxxxxxxx X X 9w x
KXY A = % =
XK XXX XXX s
DA AP AN AL

x
pYe
X
X
X
X
X
X
X
X
\‘\
X x
X

X
+
—_
+
+
‘ +
+
+
.
x
X
x
x
X X

X
&3
(3~
X
X
X
X
X
N
X
X
X
X
X
X
X
X
X
X
X



s v .

XAAXAXAXXAAAAXAAXXAAXXAXXAX XXX XX

XA A A % % = = = = x X X x X x x x x X

X % m x x.x X % x %X X X X X X x X

X . x X X X X X x x ) . x X
—_ + +

)4 - X X X X x X » x X X X x % x Y
—_ a +

X _9 D s . l . I . x X X X + . e x ¢ X
% < — . 4; -

0O = : x x x X X x *x x x x x x X

K o= = ) S x : x x X % x X - x ® x X x x X

?

XXX = = x» x X ¢ﬁ¢$<$ S P PP r oxoxoxox X x X

XX XXX X DD | A AAA A XA XS XAAXAX

A XXX 63 EE XS AAAA S A AN ASAAAX

FLOW PATTERN FOR COARSE GRID

2300 HRS 26 AUG
X - LAND CELL

1978

- INUNDATION CELL

X
O - FORCING CELL

— - NO FLOW BOUNDARY
SCALE -

100000.

CFS / INCH

-126-



FLOW PATTERN FOR COARSE GRID
2400 HRS 26 AUG 1978

X - LAND CELL

¥ - INUNDATION CELL

0 - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 100000. CFS / INCH

ANVANED

XXXAAXAXXAAAAAAAAAAXAXX XXX AXX
X M X X x %= x % % % = x : x X % = x e = o o= X
X ox = X x x x X X X % L X x x = e x X
X X X X X X X +‘ A T l’ x Y
. — EN a . 1.

X x o o X OX X * W ox * X x M x5 X .. x X
X.-___b.:_ .I‘o ‘?xx!xx:! -b«b-b.*x.(-md-)/

& N + 14 ‘ 4 )
R x = = X X ®X X X X x X x x » x = Y

o — 4 R

X = = N . * ZPV X X X x ®X X = = a x x x x x =» X
XXX!:!:X4F$4>—9$$$$$$$$ x x = »w Y = X
XX XX AAA BB XXX A AXX X XK AN X
XXXXX'XX%%XXXXXXXXXX)‘-’./X)".)".XX

-127-



FLOW PATTERN FOR COARSE GRID
0100 HRS 27 AUG 1978

X - LAND CELL

X_

INUNDATION CELL
O - FORCING CELL

— - NO FLOW BOUNDARY
SCALE -

A

100000.

/\

\/

/

CFS 7/ INCH

XAXAAXAAAAAAXAXAAAAXXAXAXX XX AKX
XA XX x = = % =x » = x : X x x x x x x
X % ® % % % » x % % x ' = * x x
X S X %X M O X X = * -’-| x
— e @ ?

X . x X X X X x = o % X X *x X = »
—— W co— d.h .é .
X 4;9 + o '. . e . IQ. x X x X % x 4;9 S S x -0
& x x b x x x x x x x X X X X X

— ., i
A x = . . * A?; X X 9w O™ X = M X o X %X X X %X X
X X X = = ,‘~,><4§9&—{>-—{>—9—{>—9—9-9—5-9 x x x x X x
XX A XA AX I | CAAXAAAXX XA XA AXAX
XA XXX XA S AL XL XXX

-128-

NN X XX XXX XXX



APPENDIX 4: .

Flow Pattern:. Jenkins Sound

-129-



XXXXXXXXXXXXXXXX

- X

x X x

x

X x

FLOW PATTERN FOR JENKINS SOUND
2400 HRS 25 AUG 1978

X - LAND CELL

X - INUNDATION CELL

O - FORCING CELL

= - NO FLOW BOUNDARY
SCALE - 10000. CFS / INCH

N

\/

XX XXX XKXXXXX XX
A & X KX M ¥ X M X M M X
A X X X X X X ®x X X X X
« & X E I L
X X L S 1 -
LS S .
x X K X u -
-
X X X X X -
» e—— P T
* X X +> .
R
L S T X X -
4 S
X X X 2. ]
4 S
» X X X M x X X o _ - <+

q& . ql.
K-‘E—Bll!l —9-5-5.
1211114;—9—94;14;11
:XE?)()(>(€?>(X X)K§?>(X

T =130~

»

X

x

X x x x

X X X
x - x
X £ x
» X E ¢
x x o
X F 3 E
."_ x
s‘%’,
el
ot

T
XE?&(

x X X X x

x

X

x X x X

x

x

x X X M

x

x X X

x

XXXXXXXXXXX XXX XX



XXXXXXXXXXXXXXXX

FLOW PATTERN FOR JENKINS SOUND

0100 HRS 26 AUG 1978

X - LAND CELL

- INUNDATION CELL

X
@ - FORCING CELL

- NO FLOW BOUNDARY

SCALE - 10000. CFS

\

/ INC

A

H

\/

XXXXXXXXXXXXXX

X x x X X X ¥ X X K <« .

x x X x

X X x D

“ ..

x . A...

X X X - . .

- . L e e e s

X X x - -
.« . P « e e .

x x - + 0+ . .
%‘b : .“.

x x - M x . .
45 B

*x X - X Tl e
% e

x S I TN B ¢ ' L)
4 A
- x x B o+ x

N

XXX

-

X

x X X K

XXAXXXXXXXXXXXXXX

x



XX XXXXXXXXXXXXXX

FLOW PATTERN FOR JENKINS SOJUND

0200 HRS 26 AUG 1978
X - LAND CELL
INUNDATION CELL
FORCING CELL

- NO FLOW BOUNDARY

¥ -

0

SCALE - 10000. CFS / INCH

~

\/

XX XXXXXXXXXX

L 3 £ X K T K
. S R ¢ E
K X A . e
X ®
P -
X o« W X x
o M X o
X x x - -
-
* X x X X
-~
X X X P
-
X X [
D
x - »
a .
» - L]

a a >
XXOXXXOXXXXO$XX

ES

x xX X x X

-132-

X X X

x

).

X x

B+.»'v?

X x

XHXXXKXXXXXXXXXXXX



S o5 M G WS A aw

FLOW PATTERN FOR JENKINS SOUND

0300 HRS 25 AUG 1878

X - LAND CELL

X - INUNDATION CELL

0 - FORCING CELL

= - NO

SCALE

~

FLOW BOUNDARY

- 10000. CFS / "INCH

AN

XXX AXXXAXAXAXAKXAXXAXXAXAXXXXXXX XXX

\/

X

X x x ® x x X X X X ¥ <« < X X & A = X

X x x= x x wx x x x

X x x x x x x . x

X % x x x %

X % x x <= x x

X %« x 2 « x x x ‘x

X x m x w % x X ‘n

X w x x o x X . . )

l)(n X X X X X ‘.l X -

X owx ox ok X X '..n x ~T-

X x x x x x e xlxxv-‘

X x = x x ~.~. | S O _0$-. x

X ¢ x x x ‘c-‘ X x &Q—v.-~- *
+ v - 24

X w x o« . = ‘(- o M WM X

XX XX XXEXXXEXXXXE XXX

-133-

¥ < x X

x
x
x
x
N
x
x

X X ¥ X ™M X X X X X KX
o M X X W X X X X X

MoOoM oM oM X M X X X X

% X X X x
M OM O x x M M X
o X x X X X x X
M X X x X x
-
x X == xXx xXx x X

x
n
x
»
x
x
X
x

x x X
x

x
x

x
n

XX XXX XXXXXXXXXXX



XXXXXXXXXXXXX'XXX

X X XXXXXXAXAXXAXXXXXXXX
3 X X X X x x X x & F 4 K3 A < X 4 4 R -
* X X X ® ¥ X X M X M X A K XK 5 X 4 =
X x X x x o« X X X <
*x x ® X x l—ll X
X ® X o . X X X X x
X X x lfl .
* I-H l’l "
X WM X hd - -

KKI$Q-I * ) : : x
xnu‘b- x LT ) x » %
+ v v - .« .

X x X X X X X K & . X x
x Q—Q—$l X X X Q—v-‘e-' X x X T x
lél X x 4 Q—Q—'$K$I x x KI.Q.Q’ 1 4
i$l x x Q—$l o l$l 4 x x X !€7ﬂ x
><éfx X x?%’x X X XH XXX XX xi%'x X

FLOW PATTERN FOR JENKINS SOUND
0400 HRS 26 AUG 1978

X - LAND CELL

- INUNDATION CELL

- FORCING CELL

- NO FLOW BOUNDARY

SCALE - 10000. CFS 7/ INCH

P 3 %

XX XXX XXXXXAXXXX XX



XX XX XXXXXXXXXXXX

FLOW PATTERN FOR JENKINS SOUND
0500 YRS 26 AUG 1978

X - LAND CELL

X - INUNDATIGN CELL

00 - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 10000. CFS 7/ INCH

ANVANN
VARV

XXX AXXAAXAXXXAXXXXXXXX

x X X X L X X X X X ® R XK X X & K X X
X X x M KX % & X o« XK 4 X X X X & X K &
X x x x x PR I I
x = x x x x X x
x x x . . x X & x X
-
X x x X x
+
X ox M X x S -
< —_—— e e e e : .
O A ) .
,;b e e e e e e e
X X X X . - . . . . . »
%7 e e e e e s v e .
x k3 o o o - - - - - . . ! . 4 »
.<b o o+ . - e .
X oM ox X X X X XK s . e x . x
<> NP MR
x Q—Q-— X X x x Q—-!Q-- “oxoxo e
x X X X X x X X X x x + ¢ 3

$lll lnléllll
¥ x

XX XXXXHXX XX XX

3 ¢
X x
X =

-135-

XX HXHXXXXXXHXXX XX XX



x

XXXXXXXHXXXAHXXXXX XX

FLOW PATTERN FOR JENKINS SOUND
0600 HRS 26 AUG 1978

LAND CELL

INUNDATION CELL

FORCING CELL

NO FLOW BOUNDARY

SCALE - 10000. CFS / 1INCH

i

3 X X
i

avANS

XAXAXAXXAXXXXXXXXXX

X X M N X X X X

~
*
»

>

x
x
»

<
X ~£P<}—
X x x
4 ¢ ¢-
X = x
X = x
X =
X x x
X x x
X x
-4,
X n

X x x

x X x X

x

XXXXXXXHXXXXXXX XX



HXXXXXXXXXXXXX XX

FLOW PATTERN FOR JENKINS SOUND
0700 HRS 26 AUG 1878

X - LAND CELL

X ~ INUNDATION CELL

@O - FORCING CELL

— ~ NO FLOW BOUNDARY

SCALE - 10000. CFS ./ 1INCH

ANVANN
VAR

XAAXAAKXAAXAKXXAXXAXXXKXXXXX

X £ X X % X X X K x
X ® « X X X X X x
X x x ‘ X %X X x x
X x x % ' »
X x X X - x
x x x Q—v~ . .
$ . .
¥ X x X x x
<+ . .« . -
X x X x x - x X x
é + - -
X X X ¥ % X M x - . x x
x Q—Q—é’! x x x Q—Q,-‘G-'.v X x x - x
l¢l X X x Q—Q—‘bu X X X x x .-'+. x
<+ <+ +
x X x x Q— x x x X X X w x X x x
X% XX?X X X XXXXXX%XX

XX XXXXXXKXAHXXAXXX XX



XXXXXXXXXXXXXXXX

FLOW PATTERN FOR JENKINS SOUND
0800 HRS 26 AUG 11978

X - LAND CELL

X - INUNDATION CELL

@ -~ FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 10000. CFS / INCH

XAXXAXAXAXXXXXAXAXXXXXKXXXXXX

x X X x x o x L A - - X 4« K x x X X & x

X X X X X X x X A & X X HE A X K X £ X x
X X X ® x X X X x X
x X X X & X M X X X
X X ¥ X X X £ X
X X X X X x
X X M X X x .
o« e——
X X X X & -
-
X H u x X x %3
-
X X x X L S X X X
- -
X X X x MW M K X x H
- -~ .
x X & « X X X X ¢ - L O ¢ x
- - - O
X x X X X ® € & x X x X xXx x « o X
- <+ - .
| S ¢ * x X & X x L O S S A LS

XXOXXXOXXXXOXXXXXXOXX
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XX XXX XXXXX XXX XXX



XXXXUXXXXXXXXXXXX

x x X

x

x

FLOW PATTERN FOR JENKINS SJUND

0800 HRS 25 AUG 1978
X - LAND CELL

¥ - INUNDATION CELL
@ - FORCING CELL

— - NO FLOW BOUNDARY
SCALE - 10000. CFS /

ANNA

INCH

\/

XAXXXXXXXXX
x X X x  X X X X ®xX = .
[ S S X x x x X M »

x X

x x

x

x
X
» o l
x X x x x |
X X X x x %
x x . . " L SN S L}
x . ' X x " ) M M X X

XOXXXXEHXXX X

-139-

XXXXXXXAXAXXXXXXX



XXXXXXXXXXXXXXXX

X = x

X X K X A

x

X

AP
4)
&

X X

x x

> b

B b

| 3 »
»

X

FLOW PATTERN FOR JENKINS SOUND
1000 HRS 26 AUG 1878

X - LAND CELL

X - INUNDATION CELL

@ - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 10009. CFS / INCH

XAXAXXXAXXXXXXXXXX

X oM M M X W L

»
A
>
»
Y

(4
.’ ¥
‘
’
14

unxxé—éﬁq;b- lnu‘.-@.
x sz-ﬁ-B u.‘F.x X X x x .‘P.
x D x x x X X x a

&

. x
X0 XXX x:é?:x X X X

X x
X x

-140-

XXXXXXXAXXXXXXXXX



XXXXXXXXXXXXXXXX
x

FLOW PATTERN FOR JENKINS SOUND
1100 HRS 26 AUG 1978

~ LAND CELL

- INUNDATION CELL

- FORCING CELL

- NO FLOW BOUNDARY

SCALE - 10000. CFS / INCH

P38 x X

XXXXXXXXXXX X X X X
X <+ X 4 X X X« ¥ » M ¥ x X X K
x s X = X X X X X X X X X X X

« M s X ®x X X x X
x x A X X x X X x
X X x X X W X X
-
X X X X x
- ..
X x X x x .
* — e .
xxl—-B-b-b-» .
4& . . e s s . .
X X % x x Lo x
4 N SR S « o &
X x % X x <. X X x
4 B A . - &
X X x X X X X W b x . x
AP. ,q;-. - & .
x —9!1()&:—5-5—50 X x x - »
AF& AL.{P . a

XXXXXXXXXXXHXXX XXX




XXHKXXXXXXXXXXXXX

x

X X X X x

x

FLOW PATTERN FOR JENKINS SOUND
1200 HRS 26 AUG 1978

X - LAND CELL ’

- INUNDATION CELL

@ - FORCING CELL

—~ - NO FLOW BOUNDARY

SCALE - 10000. CES / INCH

x 4 - x X A X i £ A X
X X « X X U & X M 3 X E %
A X . . . . X 4 X 4 X
X K e x ¢ X % X

e X x % M X
x L.
) Ce e e
x .
—_— D e e e e
S+ » - .
. . e & e e - .
» .. . x
. A o - - - - -
X . . - 3 X X
. é@ - - o
X X X x BT IR x x
- - - - a
X X X D.p o X x x »
> L
1(&9—9 x X X X x x - x
[ x 1 x

-142-

XXX XAXXXXXXXXXXX XX



X
X

FLOW PATTERN FOR JENKINS SGUND
1300 HRS 26 AUG 1878

X - LAND CELL

¥ - INUNDATION CELL

0 - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 10900. CFS / INCH

ANVANS
VAR

XEXXXXXAXXXXXXXXXXXXXXX

XX XXAXXXXXXXXX XX

X s M WM X XK M M W oM X X X X X X ®x K

P x - ' XX X X X

e A

v X X ¥ v &

x > . )
- S A

2 A K X x . .
- P S

« « £ X -« .

*« - —— A s . W™ e & & & e e

P P R O
49 .. . S e T T T B

X X =% . 9w P T T T - {
& LT e el T

®OM X . MM e+ v e e X "
4 .%Q@. . e &

x X At M W X X PG I L T S
Sﬁré% - 4 o - a .

x -lll—-b b X M WM e e
Vv b v NN

x - x X A, M X e A e
VAN V. .4

xZ-n- . " T T TN SRS’ NCHEE ¢
X XU XXX XXXX X X X X ih

-143-

XAEXXXXXXXXXXXXXXX



IXXXXXAXXAXXXXXXX XX

FLOW PATTERN FOR JENKINS SOUND
1400 HRS 26 AUG ‘1978

X - LAND CELL

X - INUNDATION CELL

M - FORCING CELL

= - NO FLOW BOUNDARY

SCALE - 10000. CFS / INCH

N A
VARV

XHXXAAAXXAXAXXAXXAXAXIXXXXXXXXXX XX

» x »x X A & M X X A a « £ £ A XK X X M M X X X X X

X % « x X x X X X X X X K X =

x - x B T . X X ® X X X X X X X

x X X X M X M X X X ‘X

» x . X X X X X X

.« .

¥ M x x . : X X X X x

x W x - x e X %X x x x
- . v—— -« e » . - 0

X CEE: T TR SR SR . . ¥ X x x X
+‘ - & & o . - .

X x . X x X X X XK X X X
@ . & a a o . &

X x . X x _— x .o M X X M X oM X X
% - P > - - -

x - . X X x X + > » . - . X X X x X x

..qk .Q&. - a .

AP e x HHD e X oxx - - X X x o x % x

L prLT = - S N N

-AP- "a;b_b' 4} X x <~4>» M X X X m X

. Y .

L. X —B'- X X x X C X X X X M X X

X@XXX%XXXX@XXXXXX@XXXXXXXX

XXXXHXXXHYXXXXX XXX



- X

XXKXXXXXXXXXXXX XXX

i

FLOW PATTERN FOR JENKINS SOUND
1500 HRS 26 AUG 1978

X - LAND CELL

X - INUNDATION CELL

O - FORCING CELL

= = NO FLOW BOUNDARY

SCALE - 10000. CFS / INCH

ANVAN
VAR

XAXXAXXAAAXXXXAXXXXXXXXXX

X X X X X ¥ X X X X X X X X & - <. < X
X ® »x x . < L 4 X %
£ X . x . . - - - - . XK & X M
o . . . . . . x P q x X
' St - . .
x o x o .
X X X 4 .
x . .
- - -~
X K L S ¢ . . L
« - - -
X ®x X . »  x
b - o~ -
X X X X x . - x
- -+ > - -
> L) o L 3 4 . > + x L3 =
*> o - - o
. L3 o L ] 3
-
L 4 - x x o x L

XOXXXOXXXXOXXXXXXMX X

=145~

XX XHXXXXHXXXXXX XXX



b

XXX XXX XXXXXXXXXX

FLOW PATTERN FOR JENKINS SOUND
1600 HRS 26 AUG 1978

X - LAND CELL

¥ - INUNDATION CELL

0 - FORCING CELL

-~ - NO FLOW BOUNDARY

SCALE - 10000. CFS / INCH

N

XAXXXAKXAXXKXXXXXXXXXX XXX

A L A s oA X X M M X M X M X X
% X X X x
X - % e X X M X
e oM M o x
a X -
- .
X % P
-, .
x X X - W .
v e =
x X L 2
< - .
x X - X w e« - . . . x
G T e s
X M - M X s e e s - X x
. + > ® - - e e =
x x x x X I N T
e = %.-. -
¢« ¢ - 9w x x &7 e+ M x x -
« w - <+ -

. - B
+* .

é_
¢ 4

+
S ER
>(E?JX X X(ETZK X X XI%T)(ZK X X X XIETDK X

-146-

XUXXXXXXXXXXXXX XX



XXXXXAXXXXXXXXXXX

FLOW PATTERN FOR JENKINS SOUND
1700 HRS 25 AUG 1878

X - LAND CELL

X - INUNDATION CELL

O -~ FORCING CELL

= - NO FLOW BOUNDARY

SCALE - 10000. CFS / INCH

X oM X M X X X X X X W X X M X X X X X x
X X x x X X X X X X X X X K X O X X X
x % x x x x X M X K
X x x x E B x x x
X =X x A x X X x x
L 4
x x X X x -
<+ .
illl_"
v—.
x oxox & .
$ e e
n X X x x x
<+ . >~ v s s e .
X x L L 4 o x
< $ o+ = < e .
n X x X W X X X & - s » x n
<+ ot v
x Q—-:in€—~ﬁ-~------
$
u x x ¢ x

4 l!l-nnl-h
<+ -

x X X x X X X IKIIII$KI
XE§7X X X X XX x?ﬁ’x X X XX X?§,X X
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XXX XXXXHUYXXXXX XX



XXXXXXXXXXXXXXXX

FLOW PATTERN FOR JENKINS SOUND
1800 HRS 26 AUG 1978

X - LAND CELL

¥ - INUNDATION CELL

0 - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 10000. CFS / INCH

ANVANY

XXXXAXXXXXXXX

X
X
X

X W xXx xXx x X X X X X X X X X X X
o X = ®x M X X X X W M X X x X
X x ¥ M X x X
X ® X W B X

*

.
L3
x
x
x
x

. o
- ‘ ) A'.
q—v.. . . l-.l.
x X . . e .
x x ~T-t-- ) x i .Kl
lllllv*v-.O. = LT x
+ w - % -
x X x x .Q—-Q—- N o X e x
LI Q—vxi: X =X X = ‘*47$' 4
-§—v: " x x X X M X x x x
X X XXXX&XXXXXX?XX
S -148-

KUYXHXXXXKXXXXKXXXXXX



‘N S S iy Y A EN EE SN Wy BN oy by an e

XX XXX XXXXXXXXXXX

fLOW PATTERN FOR JENKINS SJUND

1900 HRS 26 AUG 1978

X - LAND CELL

¥ -~ INUNDATION CELL

O - FORCING CELL

— - NO FLOW BOUNDARY
SCALE -~ 10008. CFS / INCH

XXXXXXXXXXXXX

X X X x

x
3
L
n
x
x
»
x
b

x

XUYXHEXXAXXXAXXXXX XX



XXXXXXXXXXXXXXXX

FLOW PATTERN FOR JENKINS SOUND

2000 HRS 26 AUG 1978

X - LAND CELL

¥ - INUNDATION CELL

O - FORCING CELL

— - NO FLOW BOUNDARY
SCALE - 100008. CFS

/ INCH

A
' W

AV

XX XXXXXXXXXXX
| 4 o x x x x o x L4 x o x L ¢
4 x = * 3 x x o -1 x x x
| 4 x x X o

x x o X

x X x . . .

¢ » x 6 = "

X = X ¢ f.l .'

] | 4 = - - .

o x x ée-l x i

4 x 3 $ x x ‘. ) )

) 4 x » $ o x o x » ’Ov 0.
x Q—e‘$ o 4 o ) 1 é’" v

x d7 x ) ¢ } ¢ x .$Q—Q-$ » v 1 4 =

x

X & - . . '
£ DAL
X = :

X x

X

x x X

o

x x X

X

x X X x

x

X =

x x x x m ox» x x x x x x X

4

[l

XX XXXXXXXNXXXXXXXX



.

XXXXXXXXXXXXXXXX

X = x »

FLOW PATTERN

FOR JENKINS SOUND

2100 HRS 26 AUG 1878
LAND CELL
INUNDATION CELL

X -
¥ -

O - FORCING CELL

SCALE -

NO FLOW BOUNDARY
CFSs 7/

IW

100090.

/\

INCH.

¢ ¢ ¢

L&
<

-\

<
¢ u

x o

=151-

4
XIE-X XX XOXX

X

XXX XXXXX

L}
x X X

XX HAEXAKXKXKXXX XXX



B Ga AN SON OGN OO MO0 BOy DO BN BN N G0 0N N O aaw m -

XXAXXXXHXXXXHXXXXX

FLOW PATTERN FOR JENKINS SOUND

2200 HRS 25 AUG 19878
X - LAND CELL

¥ - INUNDATIGN CELL
O - FORCING CELL

- FLOW BOUNDARY
SCALE - 10008. CFS /

- NO

INCH

XX XXXXXXXXX

x X X x

o x
| . =
XM X X

X x n x

X X @ X X

-152-

x

x
X
x
x

XX XXX XXXXXXXX XX



XUYXAXXXXXXXXXXXXX

x X

FLOW PATTERN FOR JENKINS SOUND

2300 4RS 26 AUG 197
X - LAND CELL

- INUNDATION CELL
- TORCING CELL

I 8 x

g8

-~ NO FLOW BOUNDARY

SCALE - 10000. CFS / INCH

/N

\/

X M o x % x x
X oM X oW X x
x M M x b+ o+ -
Q -
X N X N x x
4. -
X x X M X
LP « A e =
" X X x * X X M oM .
q - -
x x BHP o« x x x P s b - u

-153-

X X X X (XXX XXX XXX
X X X X X M X X K X M M X X X X
X X WM ox ® W X X X X X X X X X
X oM X m T

- x X x

x x x x X

X x

cra A

X

X X X
X M x
x X x
X X x
x W
- W

X x

L

" X
x A X
X w =
= x o
x x x
o
X X =
X X X

x x x X
x x X

)¢

x x x x % X

n X

x x X

XXXXXXXXXXXXXXXX

x



XXXXXXXXXXXXXXXX

FLOW PATTERN FOR JENKINS SOUND
2400 HRS 25 AUG 1978

X - LAND CELL

< - INUNDATION CELL

- FORCING CELL

- NO FLOW BOUNDARY

SCALE - 100580. CFS / iNCH

1 8 x

X X X XXX XXXAXXXXXXX
X X M X M X X X M M X M X X W K K X X
x x % ¥ x X X X oM M M X W X M X X X
x x X x X K X X x
x x x X X = ® x
x x ) x M x M x
X ox oM .
«oxox -
X = -b-b-b~ -
.-4’“ LT T
o uiux ;:: x.;-:zn
x :4;1 x X x x ’-d}o.- » L
X X X x b . X X x . . x
i_al‘%- x x _9 "Bq:b'-b%v! X u X = ) »"h- ’ x
Alp"‘ —Béﬁlﬂiillllliil
o X X x?%“x XXM XXXXXXMHAX X

X

XUXYXXXXXXXXXXXX XX

X M N



XU XNXHXXXNXXXX XXX X

x

X =

X X

x x xX 3 4 t ¢ x o 3 3 ¢ -3 x » 4 ] x x
9 | | x x » 4 o E 4 } 4 x x x x x x
E 4 o »x = * x ] x =
.i L 1 x ] x = -1 x
x b 4 » o L 3 = x
3 x » R_3 .

) ¢ = | 4 3 . . -

x x Db p s . .

x i‘P o ) ". : ’ .'. 1
< x A OO
4 o = o o ) 4 - E - o -Q'. 3
&—B -é% x W x %_B. -éi—b‘ - ) X = x : -4- ) x
| o - —e o i x n = o b'~ 4
il 4 l&—-B@_Bl L 3 lil L8 = » IQK =
OXXXAOXXXXIOXXXXX x?%‘x X

FLOW PATTERN FOR JENKINS SOUND
0100 HRS 27 AUG 1978

X - LAND CELL

¥ - INUNDATIGON CELL

0 - FORCING CELL

— - NO FLOW BOUNDARY

SCALE - 10300. CFS ./ INCH

XXXX XXX XXXXXXXXXX

-155-

x x X

x

X X X x

x

x X

x

x

XXX XXXNXXXXXX XXX



t
]

APPENDIX 5:

Flow Pattern:

Great Sound
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X XXX XXHXXXXXXXXXXXXXXX XXX

FLOW PATTERN

FOR. GRCAT SOUND

. 2400 HRS 25 AUG 1978
X - LAND CELL

¥ - INUNDATION CELL
O - FORCING CELL.

[, |

"\

NO FLOW BOUNDARY

SCALE -. 25000. CFS / INCH

4

*-p-b-b-bs

o-%—&vs-bﬁﬁ"l

XX XX XXX
Illl’ll'l
¥ X =X X xXx x X
x X X X X x
x x X X X x
X X X x X X x x A
-‘ll'llllll
X x X X X x X W
X X X x M X X ™ X
X X M x x x N
X W X x X
X x x =x x
X x x D b =+ x x
%S
x D b x x x x x
Q
x X X X X ®w x X
@
- % =®X X X X K X
- o
A X X X ¥ x x
- o
. X X X x
a o
- X X x
-« o
X x x x
. o 4&4
- - X x I-{,-;_,
QG-.Q— @+ 2
x R -
e Tals
X . . x
3 -4 a
% K X - e e n X
Pa O
X XX XXX

+ b
>

o
L] x
4 x
X x
X X

x

¢

x x

x 1

L3 L 3 8

V.

XXXXXXXXAXXXXXXX

L 4 x L 3 x x

x | 4
4 x
o x x
4 x x

X XXX XXXXXX

=157=

X
X
X
X
X
« X

x x
X X K X
x X M X X
n X X x =
Y I ] ¥ x X X x
XXX XXXXXXXXXXXXXXXX

x
L

.}
3
4

1]
x

D

x
.
i X

X X X X



XX HXUYXXHXXXXKXXXXXXXXXXXXXX XX

FLOW PATTERN FGR GREAT SOUND
. 0100 HRS 25 aUS 1878

X - LAND CELL

X INUNDATION CELL

0 - FORCING CELL

— - NO “LOW BOUNDARY

SCALE - 235000. CFS / INCH

ANANEN
VARV

XXXXXXXXXXXXYXXXXXXXXXX
u u l x ‘l x x | x x x 3 x o
x x x x x x - - . . . . . . ’ . . o x

X X X X = x
X X ® X .
x M x
-
X W X .
. -
x . - x
et ?
D H - o X X ™M W X x .
Q
™ X X x X x M X x X
4\ . -
* X w x ¥ X X x -
-
- X X X x X X x - e
- L R
X ox D s b D e X
-~ LR I R
. X X - - D D P . X X
. Jap P ey
) 3 4 = x 4 4 u o O M
o +§,
o |-b-§ | * x N
a a ala
. D x = X x X X X X X
NEAE RIS
e . X M ™ X M x X X X X X X x
N :
x e K oM X M M X X X O XK M M X

X X XOHOXXXXXXXXXXXXXXXX

-158-

XX
X X
x X
x
x X

-

k3
X x
= =
x o
x x
b § x
x L
L3 x
X X

x
XXXAEXXXXXXXXXXXXXXXX

X x x
X & nr
XX X X X



KX XXXXXXAXKXXXXXXXXNXXXXXXXX

XX XXX
X X X x x
X x X x =n
X X X x x
X x =X x x
¥ X x X X
® M x x x
X x ® % x
X X X ® x
X x X X X
X X X x
* X =
X x + D
x b D
a .
x - *
>
- X x
: B x
T x =
> . -
Tt n
.o-o- x
- -
x ¢ +
a
u
-
" X -
a
X X X0 X

FLOW PATTERN FOR GREAT SOUND

5200 HRS
X - LAND
¥ -

O - FORCI

28 AUG 18978
CELL

. INUNDATION CELL
NG CELL.

. NO FLOW BOUNDARY
SCALE - 25000. CFS / INCH

/\

\/

=
x X
X x
.
.
LA 2 I
T
5 4 s
L7
.
" x
X x
X = = X x

XX XX XXX

-159-

%

XAXXXAXXXAXXXXXXXXX

L

x

x

x
L]
XXXXXXXXXXXXXXXXXXXX

x x x X
w x x X
x x x X
X X X X



XXX XXX XXXXAXXXXXXXXXXXX XXX

1

F
s
X
x
O

LOW PATTERN FOR ¢
200 HRS 26 AUG 12
LAND CELL
INUNDATION CELL
FORCING CELL

- NO FLOW BOUNDARY

SCALE - 25000. CFS / INCH

x L4 x L 3 v » x

a o 4 3 x ®

L3 x x
o< x
x

= x -
- -
x * - - .
- —
o x x “
x
a
x
- o
x x x
-~
o . < - - x x x

XXMXDE XX XX

LIS 4
<
x x
x x
X X x A x
XX XX XXX

-160-

=

x

L3

XXXAYXAXAKAXXAXXXXXXXXXKXXXXXK

X

» « ¥ o x X

x x x = » X

ow o ox ox ox X

x x x x X

x ¥ x x X

- x x

X

06 X

LI 4 X

- X x © X
- - -

'-b.’."bi- X

"d~|v.¢ = x

+ v B e x X

s - x. X

x 7: x X

x !Y'\/J x X

X X x x‘&/ X

x x x IT7K x

x x x
x x x
x = x
x x =
x x =
X X X

4
X

<'g]
¥

x
XX XX

x
x
x

X
"X




XX XXXXXXXXXXXXKXXXXXXXX XXX

W FATTERN FOR GREAT SOUND

FLOW
400 HRES 28 AUG 1978

X - LAND CELL

¥ - INUNDATIGON CELL.

M - FIORCING CELL.

— - NG FLOW BOUNDARY
CALE - 25000. CFS / INCH

/2]

A L

XXXXXXXXXXXXXXXXXX

‘l x L 4 .4 | 4 > x x x . » x x LY »
x x x . - A . x | 4
x x
< x

X X ¥ x x X @ .
X ¥ X - ®x x
..
x . - Yy x
—— .
x X X 4 » X ¥ X
.l -
1 4 IQ-Q- X x % ¥ X »
. e
¢ ¥ x ¥ x X X ¥ x ¥ .¥
- w
x X x ®X W ¥ X X X« X X X x
* + -

L3

X
X
X
X
X

n X x x x
n 4 x x o
X »x x v X
» y a A b
< y » x ”

¢
3
K

N
R S
. v
=

+

v« &
x IQ—vt
> i

- wow
"o X ox

14
N

NAAL
NN

X XXX XXX XXXXXXXAXXNXX XX

»

x
«

x

v

X K
/

" X
X x
X X
x o

x
~
1 4
N

! Z]
)(xa.'t‘(

X X X XN

X
X
X
X



XX XXX XXXXYXXXHXXXXXXXXXXXXX

1y

[3.74(-)(()

th

W PATTZRN. FOF GREZAT SOUND
00 HRg ¢¢ AUG 187E

- LAND CEZi

- 1NUNDAT15N CELL

- FORCING CELL.

- NO FLDOW EBOUNDARY

SCALE - 25000. CFS / INCH

x X« » ¥ X xXx K x X ® X x | 4 x x x X
¥ x ¥ a X » x x
s « x v x
» ¥ xX ¥ x X
¥ v x a » % X ¥ x
x X X« x ¥ ¥ X x X x
x x x x ¥ x w ¥ x
n X o x x ¥ X X X X
x ¥ = ¥ ¥ x
X % x X x -
X x x X x .
-
X x x & <& x x
<
x & & ¥ a x % X ¥ a x x
<
x x x x ¥ X x ¥ x X X X
6 -
L x X ow X P X XK X ‘s e
<
- A XK X X ® X X X @ e
- .
A oX » € X ¢ & - * & x
- - < - . .
x x x - & A ST v
- . - - ——b. -
x x x » v &7 x X x
s o {7
-« x ¥ l‘Q-v,:x x x
b - -Q.v
x . ~<—I€.—K:rx<v. X X x
+ - v ¢
x v o+ e Y X x Y v oxom x X x x x
, L
> v ©° T
X x . . X X X O® ® ¥ X X X ¥ X x X x
+ | ..
XXXEXBEXXXXXXXXXXXXXX

LS

XXXXXXXXXXXXXXXXXXXXXXXXXXX

X

x x x x x x X
x v » » x »w X
. x x a x x X
» ox oa ox ox X
x ¥y x x »r X
s v e 3 x X
< ~'.:s‘ e
- T, X
xx:;x

- :xx|x
& x

» x X
« X

x X

Kx'

x x X
xxx-./x
x\>K7:x
“"K7*.X
X X X XN '\x
.z"zw
x x x x x x X
x v x w x x X
XX XX XXX



XXXXXXAXXXAXXXXAXAXAXXXXAXXXKXXXX XXX

X
X
X
X
X
X x x x ¥
XIillx
X = x x x
X == x x x
X x = 5 ¥
X r = x x
X = a» x
X > & &
x:vnv
©
X-’xr
X-- x ¥
xX - x =
- @
X - = x
X.-‘xz
.« %
X - o« 0=
« -
X = +
v -
X
X
X

X X X

v

.

*

x

a

FLOW PATTERN FOR GREAT SOUND

0600
X

*
O

SCALE - 250900. CFS / INCH

/

HRS 26 AUG

i87E

LAND CELL
INUNDATiON CELL
FORCING CELL.
- NO FLOW BOUNDARY

7
/

.

x

-

-

nod
>,

.
s v e
RS

x®

x

L 4

x

x

»

n

L S x »

. - .
16 e &

x

o

e

&
x x »

=

¥,

ﬁ'x éiﬁ'x X X X *

»®
>
* 4 =
x x x x ”

-163-

/

/

/

| /o 1
: / /
o5/ N\

x L3

3

4

L 4
n »
x »
» ®
x x
L3 L3
X X

L3

L e
-
* % A
b o
R
Y x
¥ L W
-

L4
4
-

&@ ¢
cby—

NN B

R

b ]
N

n
4

7/!}]

AN

N

13

A
SIS

~

L
NN
¥ %
P
SN
N A

».
x

A4

XXX XXXXXHXXXAXXXXXKXX

x » x x ¥ X
rx x x x x X
XXX XXX



TLSW PATTERN FOR GREAT SOUND
- 5700 HRS 2€ aUG 1878

X - LAND CELL

¥ - INUNDATION CELL

O - FORCING CELL

= - NO SLOW BOUNDARY

CFS / INCH

XXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XX HMXHEXXEXAXXXXXXXXXXXNXXX XX

L Y 4
®x x
vy =
x x
x
X ¥
x x
L I
LS 8
x x
» ¥
L S

w
-
1 4
©
x
-
4
-
x
-
x
-
-
-
-
x
X x
X X

X X w 9w ¥ X £ K x X »® ¥ ¥

z OX x x

x o

¥y

n v » F ¥

" F ® K = R

¥ X n ¥ x

X = X x ¥

X x

[ 4

4

.

- ¥ %

l“z:t:xvnv

X ®x x X 2 x ¥ ¥ a

¥ X X ¥ X X ¥

X xXx X X ¥ x

x ¥ x « x
L e e

X - . o« -'a_-o-o x

K-KK'Q‘—V" K =

LG e .

& <

-bQ—Q—llilzv x x

s v v

(S x X x ¥ ® ® ¥ x ¥ X ®E

*6-5

- . ¥y M X ¥ X X A N X X X W ® X

v b

XOODXXXXXXXXXXXXXX

164-

x x
= x
».
-
x
w
x =
x x
x X
X x
vy x
x X
X x

a a =
<
T % s
L
- -+
b
T %
v
x x x
. <
- :‘Q-
L3
x lQ—vx
D

x
A
/
| 4

4
NENANAN

X N
X x
l.li
XX X XX X XXX KXXKXXXXXXXXX XX

X
n
»
x
«

X
X
X
X
X



X
X
X
X
X
X
X

XX XXHXXHXHXXXXXXXKXNXXXHXNXX XXX

L

FLOW PATTERN FOR GR
. OE00 HRS 26 AUG 197

- LAND CELL

- FORCING CELL

X
X - 'INUNDATION CELL
O

~ NO FLGW BOUNDARY
SCALE - 25000. CFS / INCH

EAT SOUND
g8

XAAXXAXXXXAXXXXXXXAXXXXXXX

» = » 1 Y »

» L n
», x L
x =

» » » n

-165-

»

L d

n

>

» 0=
» ¥
L . 4
| J 4
-
n
:
.
L4
.
.
L 4
n
LA
X ¥
X w
» X
L3 3
vy x
LA
LA 1
X X

X

» a ¢ X
* x ow X
r ¥y x X
» o5 w X
» 2 2 X
- * X

. X
.; X

LS 4 X
* : X
x L X
.1-6 » X
-gv » x X
Lo x X
V'7 » x x
).q'7 X
R
x -‘EN:
x ¥ x X
» » » X
» x ox X
X X X X



- — _\

XXXXAXXXXXXXXXXXXXXXXXXXXXX XXX

XXX XXX XXHXXXXXXXNXXXXXXX XX

» »
» n
» »
» »
) )
> »
1 4 =
w. x
4 »
« LY
1 4 n
L3 »
«

-
L]

-

.

-
-
-
L:
n »
= n

-

LAND CELL

. INUNDAT1ON CELL.

FORCING CELL.
NO FLOW BOUNDARY

‘SCALE - 250090. CFS / INCH

» w v L T S » x ¥ W x
» x »
x
£
* » X »

x » ®» ¥ ¥
| 2 T S
¥ X ¥ »
x

-

- » »
¥ m ¥ a ¥ » K ¥
X RN ®W > ¥ ¥
» ¥ X ¥ ¥ X
» ¥y ¥ » x
L N »

. .
> DD - x
@« o —
- ®x x & | N x =
~
o-ln-r,l(x x %
a .1

b & x ®» ¥ om X N x ¥ x
v *

& +* » » ® X ¥ ¥ ¥ ¥y X ¥ X ¥

»

v »

v
4
o
|
o
«
v
b4
v
b g

XXXOXDEXXXXXXXXXXXXXX

»

»

XXXXXXXXKXXXXXXXXXX X

'.»

{TeX
» x X
x » X
» » X
X X X



HE A N G WA EE e B N s N aE W e mm S e

FLDOW PATTERN FOR GREAT SSUND
. 1000 HYRS 256 AUG 1978

X - LAND CELL

¥ - INUNDATION CELL

0 - FORCING CELL

- - NO FLOW BOUNDARY

SCALE - 25000. CFS / iINCH

"\

XXX XXAXAXAXAXXAXAXXXXXXXXXAXXXXXXXXX
X » » x % » » » x » s v ox A - a oy o x o ox om o ox o ox X
Moaox o oy x e x I
X v x » » » » « x » ¥ = » X
X v x » » » s e o= ox s X
X » » ¥ » ¥ » » » ¥ LI S T R . ¢
X a omox > o ok % o® o owo¥ - . X
X ® » » » » ¥ ¥ » ¥ X
X x x » % » » » x ¥ X
X ¥ » n » » ¥ Il‘X
X » *» » » = " a0 X
x.wnvuv :~ . ¥ .x
x".c:bv., LI bn:l~-‘ax
X » D b = s 0 ¥ X . ¥ » X . & & y
x:+> » ¥ 2 » » W X ¥ ¥ n ‘.. r%ubi
X -.er» » ¥ ¥ X » om \:4;1 . X
xg-‘ x > ¥ v ¥ ox ¥ o x [ A X
x:’ur> LI ~~)-b-~-bs L2 A A T h- 4
x$.nv >~9§—B—9-—-‘: $‘-b‘ » ¥ ¥ » > x
x”vx:°~+ux’sq » » ¥ » » ¥ - ¢
X 9‘0'*»-.-4.;!’»-. x wx ¥ ¥ ¥ »x r > >

X o-‘q-Q .ﬁ‘$§o LI R 2EEY S . x> » oy x ¥ ¥ » x ¥ X
o S e

[+ Qo &

XXXXHEXDOEXXXXXXXXXXXXXXXXXXXXXX

=167~




XX HXHXXXXAEXXKXXXXHXXXXXXXXXXX

X
X
X

4;
x X x
O
+' x
L
. X x
> &
. ! =
G -
. X x
Q. @+
- x x
+ o
& & o
D -
x .QZu'
= o -‘.
e
lll4)°
X X@O

FLOW

1100

X
X -
U

HES 25 AU
LAND CELL

‘SCALE - 25008.

A

PATTERN FOR
5

INUNDATION CziL
- FORCING CELL
- NO FLOW BOUNDARY

CFS / INCH

AN

i

\/

XXXXXXXXXXXXXXXXX

x x o x L 4 x
x
x x n
x n o x
x x 4
4 x L 8
-
- -
-
»
x x

=

n x L
o

»

n o

x o x ¢

XXXXXAXXXXXXXX

~-168-~

x
L ¢ =
x x
| ¢ "
4 x
| 4 x
x x
3 »
X X

XXX XX
x x x w X
x x x = X
x x x x X
x x x x X
x x x x X

= X

X

X
x x X
lll‘x
x-o‘X
:I‘Q‘!x

X
"é""x.
»  x X
x49r.xx
\VAEN
P N
lxé—\xx
X % / x X
4 P4 )

u\l,\
x x x = X
x x = x X
x x x x X
XX XXX




XX XXXXHXXXXXXXXXXXXXXXX XXX

x x ® M N X X X x x x x x - X X ® ® X
X x X M XK W x .
X X X X XA X
X X M X 2 x
X X X X X X X X X
® wX X X X X E X X X
M X W X X xXx =X X X
X X X = X X X X X
X ®X X X X x e e
X X W Kk X -
b
A M M X X e e
. A - -
x x x DPH x x .
LP - - . .
X X X x X X X - & &

-94>. ®x X x x X X X x X s. )

a 2

- ¥ X X X x X X X . .

& 9 . > - . .

A. X X X x x . -o’—f} $$-i7 b 5 o+ - X K

;.q. X x x q.-ba;:% {57':—:1,“':5 -5." LI

. X X = - x x <+ b x x W x

+ & & o

$¢Q._~Q_' x Qéla_;%_b X x x L A

= L) X X X X . X X X M.
a . s

x = L -‘F»' - X x X W X x x X x E M

- -‘P‘*A-A'k-% ¥ X M X W x I.K X X M x X X x

D A
XXXOXHOXXXXXXXXXXXXXXX

7L
2

-

18 X X -

OWw PATTERN FOR GREAT SOUND
G0 HRS 28 AUG 1878

LAND CELL
"INUNDATION CELL
FORCING CELL.

NO FLOW BOUNDARY

SCALE - 25000. CFS / INCH

AN AN

VARV

XXXAAXAKXXXXXXXXKXXXX

XXX XXXX

x x x x x x X

x x x x x =x X

x x x x x x X

x x x x v X

x ¥ XK X x X

x X

- X

. X

" x X

X X x * X

. x -ug X

X x :l‘p«»‘P x X

& < X

. lel x X

X XN\ X x X

X x x ; LED.4

X x x ‘AA b4

x x x ‘éli X
x n x x x

X X x :4: ZAAT.:

x X x x -\b:\l)(

x x x x wx x X

x x x x x a X

XX XX XXX



FLOW PATT

-
o
[N

RN FOR
1300 HRS 22 AUG

X - LAND CELL
-, INUNDATION CELL

K
4}

‘SCALE -

-  FORCING CELL
- NO FLOW BOUNDARY

25000. CFS / INCH

XXAXAXAXXXAXXXXAXXXAXXXXXXAXXXXXXXXXX

XX XXX XXXXXXXXKXXXAXXXXKXXX XX

» ¥ P ¥ » » ¥ x LI A A - - L . Y
> ® » ®» 2 » =
a0 F- B ¥ W
LA A I U e
x ¥ » W = » B ¥ >
X » s B ¥ ¥ £ n ¥
¥ W X x » » x ¥ ¥
* ¥ ¥ = ®» ¥ N ¥ »
* ¥ Y W™ A . a4 e -
¥ N ¥ = e « e a8
o
X ® ¥ » - B -
. a .
o >+ >
> : .
- 1 3 ¥ ¥ o ¥ XKW
I - .
L 4 L 4 X O W B ¥ P B »
2 - -
- - » T 0w Y ¥ ¥y ¥y x - o«
> - -
. | IS 2 T T » . @ =
a a N R R
EE ¥y v > . « D D H b+ >
a o R « & .
LR i e e T e
a o4 AQ) .Q
’ ¥ o v o~ > D >
s« s e ¢
“ b »
. & ala
Ny .
C T A e e .
e e 4-4.\ .
»n - . . » F ¥ » = ¥ » » X
9.%&
» - -'- > s X X ¥ B W ¥ P 0

¥

- » L

> | 4
L » »
» » L]
» » »
¥ » -
¥ ¥ x
o » »
X X X

» -

¥ »

L] »

» L4

n 1
.

» »

L 4 » o
» -

®* x x
X X X

v [4 v o o

»

¢« ’

»

o

XXXXXXXXXXXXXXXXXX

o

A d

«

' gl/
X

*

X

XX XX




- -’ - -

KX XXX XXXXXXXXHXXXXXX XXX XXX

t 4 - . v - >

> » » » ¥ -,

FLOW PATTERN FCOR GRzAT

1400 HRS 26 AUG 197§
LAND CELL

t 3 % X

INUNDATION
FORCING CELL

NO

c=iL.

FLOW BOUNDARY
SCALE - 25000. CFS / INCH

SOUND

»

>

¥

- -

r v »

+ b b B b Db b o+ s
-~ -

» 2 4 » » » » - >
rd » » » ks - n »
= > » » » » L > -
w » » > » » -y
» » bd 1 4 ¥ -
» »* x »
. -
> k 3 » . - - -
. -
. > > b >
. e .
LE- e B 4
£ 1 4 " » »
2>
Y ¥ oy > ¥
- -
> > » *
- -~
, »
a -
o -

"

> - . . - - - -
> -0—9—{’7-5—.-{,-{7-},* -
Q.Q _— . & .

DI > D - -
a . .

» » » L ]

-171-"

>

»

»

XXXXXXXXXXXXXXXXXXXXXXXXXXXXX

? » ¥ - > » -

» > > 1 4 L4 EY

' > » » 1 4

> L 8
4 v
y .
. . »
- L 4
;S Y v
¥ 0 v
. v W »
» 3 * » 2 »
X » > » »

: y S - .
XX XXHEXXXHXAXXXXXXXXXXXXXXX



G Sug S0 0 MU AN G A NG N My 0o AR A R

XX XAXXHXXXXXXXXXKXXXXXX XXX

= LAN

D

|

X
. ¥ - INUNDATION CELL
O

CELL

- FORCING CELL

- NO FLOW BOUNDARY

"'SCALE -

25000. CFS / INCH

— e et o,

s » » 1 4 » » x®

»

> ¥ »

LA
-
y ¥ +$ o
+ B » ¥ ¥ w W Yy
*
| 4 P ¥ w ¥ W W X ¥ ¥
-~
- R N a ¥ »
-
¥ 0 .
. . .
LS L R I R e N
-~ . . - e
» B -
- 4 J
> LI < -
L Y - a .
& o w '-.-s
- - s@_*
> & - ) A T 4 . > »
-.q;qx.
L S e » » ¥ ¥ » X
e s
w 3 e e e PR R » £ s 3

o Qa &

X XXM XEH X X X

X

XXX XXX XXX

. =172-

-

¥

»

>

>

»

X X X X k'x XXX XXXXXXXAXXXXXXXXXX

» ®
» x »
¥ ¥ »
PR
x x
bl »
- -
- ! - -
P
- -
R

* 0
-
>
.
:»V.
Yy ¥ >
w =
¥y = »

v v ¢ w ¥
KUYXHXXXHYXXHXXXXXKXKXXXAKX

"

4

P B N

v

v

<

»

X

~

X

A ]

X

XX XXX XXX



XXHXXXXXXXXXXXXXXXNXXXXXX XX

FLOW PATTERN FOR GREAT SGUND
25 AUG 1978
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FLOW PATTEZRN FOR SREAT- E0UND
. 2200 MRS ZZ AUG 1978
X - LAND CELL
¥ - INUNDATION CELL
0 - FORCiING ZELL
- - NO FLOW 20UNDARY
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FLOW PATTERN FOR GREAT SOUND
2300 HRS 26 AUG 1978
X - LAND CELL
¥ - INUNDATION CELL
0O - FORCING CELL
-~ - NO FLOW BOUNDARY
SCALE - 25000. CFS / INCH
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APPENDIX 6:

Flow Pattern: Grassy and Richardson Sounds
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FLOW PATTERN FOR GRASSY
AND RICHARDSON SOUNDS
2400 HRS 25 AUG 1978
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XX

K AKX AX

K XX

A~ A AR
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ON SOUNDS
1878
INUNDATION CELL
25008. CrS / 1INCH
X X X X X X
x X M X x M %X M x

HRS 26 AUG
FORCING CELL

LAND CELL
NO FLOW BOUNDARY

LOW PATTERN FOR GRASS
SCALE -

X

=

AND RICHARD

05090

[ N X .

s
*
0

XXX X XXX NXXXXXXXXXNXXXXNAX
w W oW o oW N X MM n\?/_—vvvw X X X X
X M oM W N M W M oM O :KHV: X OX Ox O OX X OM MO
X M M WM oW N X N W n!RV:: X % x o wm o ox x
XX M oW oM X M N M X nRWV: oM oW oW X W X
W OW N WM M W M W M quVn.n X M W oW WM WX
u x.xmx..x n X -:BV; *» W ox ow % om om <
X X M oM oW W ..ﬁ@.V:V!VANv- x L LD
x X l.v,v..v+|v. X X W M AAA|+$|I.. ) PEEY
“ owox o x $. .« - NN MO X X +. x <
. W M -$ MOoM W X W M W W ow N N L. IS
X X :.va.. X X ¥ W oM A x o. ' w
- W ..Avln | S T | .v.‘. ! X N\
- X -Avm. X M w X o:l x X
x n vvﬂvuvx » x ® " ox % X
x ® T T L LI
% ® X M N N W W ® <
l:Av. " X X X N X |
w w7 M mowowox AN o
x ,v*.. ¥ X W W W M X ~ _4.
] t ® N W M W M o® X <
x * ¥ % x X X X
.v.w- x w X ' LA
= L I ] ..». L TN
. _+,H..xxxxxxA>
e e XX XXX XXX
x x & r X X XXX X XX
L $A...‘ XX X X X X XX
x coe Plds o XX X X XK X X K
" S . ”/dwﬂ‘: XX X X X X XX
x o ._W..xxxxxx\/x

X

. . D) X X XX X X X X
xxxxxxxxxx.ﬂw* & .

.



X/XY/.//ZXVXVXXA_WA—N%A%MX
X oW oW X X M X X XM N N M AN X
. Ane 44 4%
X-::;:-::::::RV:::-:..
X:-:--::;-;RV-::::
X-xn--x:-lanVx:-xxn
Xu:-_x-:xn_.-n“v:-nu-:
UA..:-::--::RV:-:::-
X W x ®m X X ®” X ..V..V..VIVAAAV‘: PR
X W % W W M -v.v...v I T An&«»ol
N I J—— .
X-.:-.x-.v. .+. X WM 2 W = ¢ - -
™ X u m o= M -v\v-l:-ll-n...
% .
w X @ =x x x a-Av-:x:x x
> = X M o w oW . ¥ X W W X F
w - \mv .
v v X" w o x W x ¢ X x x x X X
e L &0 e
.Cw..ara. - = w Vunl.v.Vv‘v X W | N
[ w Q X = W x X W X X W N . »
Ko, OoEO *
G =z 5 >0 a - X-:-%-l--
Q<. J00m9 NOE B B N X oM X X
Zhoidr-ozo Lt
¢ .
ERZCAWN.UM@ ‘Axll..-l-::
b= = — .
T Twao z o 7.._.“. N M W oW N WX
m‘wﬂmwmoﬂp \.p.-..‘.. ¥ % W oM X W oM oM
1 ) - u. 2
= O. 3 v»x-+-l- l_._-_...
mmw....m Kow 4 o o
F.AOV*B_S e PR n x . &
: ¢ & ) . ,
X : _.Av,* XXX X X
o« " @& .
N ¥ o XX X XX
X n x : " + kX X X X X

..a.mv.m_\w..xyxyx.

3" X X X X X2
..~ « e . . ’// . .
X ok e - .....A/Aw..;x./fxx
X x x X x oo uﬁ%xxxxxx
X w - o ./mwvxzxxy;
TN XN N XN XXX XXX XX AP X X X Ko
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XX X
x
x
x
x
x
x
x
x
x
x
x
x
%
v
X
A
P
W

X WM XN M M W X X W W W W HoOX M W W M X x

X o M %M M om W oM M M M WX x N X W WM oW X N Y

X % % ®» mw X X M N M.W ¥ X MM M oW oM XKW WO

X M W M oW M oM X XN N N W X X M X M WM R X W\

N WM X W oM X M M N M oW X X X X ¥ W ¥ W N W ]

o oM oW X om oMox o b b PH PHle x N e I

AN M X W .v.v.‘v%znu_.%a-a...u X <

X ®x ¥ x w x %.. o.. X X N W M N 4M|J | BN

=~ X = x :.- %% " X X N X W X M ¥ M .. X\

w X u x = x $+$ X X X X N N x ” L IELE

g m X u ww =x M .+ X ¥ X x X ‘ LSS

m WMMN | MM,/ X w x x x :.|W+ X x N X . X X X

N oM N X X u | N o |

Gm.uv.au ﬁ mmu ”x-¢¢-+:+-- » n/”

. v Qa0 . ’
Sz23 383 O A
mm»bﬂnruww - X % x u EEEEERERE ~/ 1__
ueEwo <zow ‘ . ’ o
” m w o m m ﬂ@9~ K = o. W M M oM W N N X 1

H w %”W W M.O ! X = = , X W W oW M oM M ) X

NROL.&FNM an.-- n.__-... ~

w m MW_ U m X n .mlll x " x Lo L RN

u <O x ¥XE I v — e X . MM e e P

x ’ ._..Mﬂxxxxxxxy

X .+.nv-xxxxxxx7

X ow o e XXX XK KA

X %o x ot .@AM&MM XX XK XX KX

X % nu .‘IW-V_.Y,VXXX\A./\A

X » x C N XX X X XXX X

X x x  omow oY KON X R KX KX

K ow X : x AN X N N X X X XX

MONOX XX X XXX XN XXX X XX X X X s

N .



FLOW FPATTZREN FOR GRASSY

AND 23iCHAZISON SOUNDS
0800 HRS 26 AUG 1978
X - LAND CELL

¥ - INUNDATION CELL
@ - FGRCING CELL

= - NO FLOW BOUNDARY
SCALE - 23000. CFS /

INCH

~-192-

XXXXAXXXXAYAXXXXXXXXXXXXXX
X v u w = =& x x . X X X % X X =% X X X X x
X % x= x wm x x CL ®» X M N oM W OXK X X W X
b4 - X X X X X X X K
XX » L S i .« e e x x x
b4 » N ® X ll‘l

x. . X X x ll!l. ‘-o’
x—_- X X x lll‘o‘ll
X x X X WM W WM X ™ % W X
X X X X X ¥ X X N M X
X T ; = X X X M X M X X W M X
x E— T * X X W X X X X
X = = A./“.é-;}' 0‘:—1 - x x .
X GLIETET "¢ e

@9---: n u .

XX XXXXXXX .
XXXXXXXXX

XX XXXXXXX x
XX XXXXXXX x =
XXX XXXXXX " x

XX XXXXXXX )
MEXXXAEXX XX == X %X X X M x n
XXX XXXXX

XAXXXXXXXXXXXXXXXXX

n ox X

B¢ ¢ ¢ ¢



X
X
X
X
X

XX XXXXXX @ XXXXXXXXXXXXX

$
¢
L 2

XAXAXXXX XX

XAXXNXX XX«
XXX KXXX
XX XXXX XX«
XXX XKXX XX«
XX XXXX XX x
XXX XX~

L4

T,

FLOW PATTERN FOR GRASSY
AND RICHARDSON SOUNDS
03800 HRS 26 AUG 1978

X - LAND CELL

ER 4

‘- FORCING CELL

- INUNDATION CELL

NO FLOW BOUNDARY

SCALE - 25000. CFS / .INCH

XAXXXXXXXXXXXX

¥

+

XXXXXXXX -

| BN X m =

XX XXXX XXX

X

KXKXX XXX

X X X X3

XX XXXXXXXXXXXHXXXXXX X X X X



FLOW PATTERN FOR GRASSY
=4
4

AND RI1CHA

- LAND CELL

1878

- FORCING CELL

X
¥ - INUNDATION CELL
M

- NO FLOW BOUNDARY

SCALE - 25000.

CFs /

RDSON SOUNDSE
1000 HRS 26 AUG

INCH

<

~-194-

XXXXXXYXXXXXAXXXXXXXX
X = % x = m x w . X M W X X X M x
X = = x % x x E M o X X ¥ x
X X X X x
X Y - x x i
X x T . X x x x
X - ¥ M X x x M x
b4 X ® M M oW
X = - M X X W X
X X M X X W
X T . ¥ M M O X m X X
X ~‘-q_- -.lllil
x‘..‘q.*-. -b.—-: X x X
AR

l:----:: )

XX XXXXXXX x
XX XXXXXXX

X X X XX XXX X

XXX XXX XXX

XXX XXX XXX

X X X XX XXX X _
XXAXXXXXXX = ¥ x x
HKAUYXXXX XX XX XXXXXXXX

x x X x
.
. x
-
. X x
x X X
-
X X X x
-
X X X x x N
-
X X X x X =

x o WM =X W w x

XXX X XXX

1 3
XX XX XXXXXXXXX

XXX XX XX



FLOW PATTERN FOF GRASSY
AND RICHARDSON SOUNDS
1100 HRS 26 AUG 1878

X - LAND CELL

X - INUNDATION CELL

O - FORCiING CELL

= - NO FLOW BOUNDARY
SCALE - 25080. CFS / INCH

XXXXXXAYXXXAXAXAXXAXAXXXXXXXXXKXX

X ® = = = u x x M X M X M X M X M M ¥ W M X M x

X = = m u x x % M M X M M X X M X X X XN X

X X X X X X X X m X X M ¥

X = x x llll..lll

X x X x % % x » * n x

X X X M X W x - .~~‘ x

X * = W ® M x ‘lll- x

X = lllllllllll. .

X . X M M X X X M M W X X )

x ..... lllllllllllllll‘.

X -'o“-‘?n_‘ ¥ X X X X ls:(-lnnu9

Xn-‘b?-;'k--sq:——- x x = u---‘
\.w@.....

X—%‘V&—{} R

E—[g‘/lx-:ix*-b.*

XX XXX XXX x

XX XXXXXXX

XX XXXXXXX LS B

XXXXXXXXX .k e . x

XXX XXX XXX x-x

X X X XXXXXX . :

MY XYY XAX s x X X x X x X X X M X n

XXXXYXXAXAXXAXXXXYXXXXXXXXXXXXXX
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L
N R

| 4
X o m

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

N
*
X
X
X
X

’



FLOW PATTERN FOR

>RASSY

AND RiCHARDSON ESOUNDS
1200 HRS 26 AUG 187E

X - LAND CELL

- INUNDATION CELL

X
0O - FORCING CELL

- NO FLOW BOUNDARY
SCALE - 25000. CFS / iNCH

XXX XXAXXXXXXXXXXXX
X = w w w x = u X X X M M X M X
X @ u % m x = M X X M X = X
X x % M x
X L] X =

b4 x X x x . X
X.-- X M X X M X
X_'_-—' X oM M W X M
X = X X X XN X =
X ; X X M M M =
b ¢ " -+ -$~' M X X X X M X u
X '+‘*'é'l$:—-ill‘l

X wm N + S - « .- M
<\\\P<F£R‘D{>fi*.*
3'/111111 ¢‘4‘

XK XX XX XXX =
XXXXXX XXX

XX XXXXXXX

XX XX XXXXX

XXXXXX XXX

X X X XXX XXX . .

XX XXXXXXX« x« x o=
HXXXXXXXXXXXXXXXXX

-196-

XAXXXXXAXXXXXXXX
x @ x x x ® % x x X x x x x X
X ox x x x x w wx o % x m n x X
X x W %X X x X = x x x x =x m X
M X x.x*x % w x m x ® x m X
= x 2 x x x w w ¥ u X
- - . X m X X M X lx..
¢« o ox N x x x x m x x X
X x X w x .o'e- x x x x x x X
X X X X x N 2 x x m x x X
X X X X X X * x x x x 2 x X
x X M X :‘) x x x x m w X
X X l:: x x x x uw X
"'§G<<$QX

» l-bQ— X X X .ékx

= n l.bl X X X x -ﬁxx
. l‘|7€-. X X XN x X x Sx

.Q. x ‘.-*I - ® X ®A x léxx

L I ¢ ¢ - = x x x w = [ X
X = s x % x m x X X
x x- x x x X X

X M X M XK m M M ¥ X K K x X X
XKXAXXXAXXXXXXXXXX




AT
2icH

(€]
(0]

- LAND CELL

FOR CGRASSY

HARDSON SOUNDS
O HRS 26 AUG

1978

- FORCING CELL

X
¥ - IUNDATION CELL
]

- NO FLOW BOUNDAFRY
SCALE =~ 25000. CFS / 'INCH

XXXXXXXXXXXXXXXX

XXXXXXXXXXXX

X

x

L \
3 '

<%
X X
X X
X X
X X
X X
X X
X X

XAXXAXXX XX x
XXX XX~
XX XXX XX =
XXX XX

X X
x = X X M W M XN X x
] X X M X M X
N X M
" x
X = = x x
- X M W O ® X
X X X M X %
X X X M M x
L X x M oM X on
£'h X X X W X X W
x . M X X oW x
-QCP_-K x W X
.~_&+"
‘....-
X X X - -
X XX
X X X
X X X
X XX
X X X
Xxx--- X m o
XXXXXXXXXXXX
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XX XXXXXXXXX X X X
X W x ® w W M x x x m x m m X
P E R EEEEEEEEED
lll!l.lllllilll.x
:ll'n.-x:lwullnx
x ® o o x X M m x = m X
L x x x x m ® x X
lll. x x x m x x w X
M X X x x - - x x x m um x K
X X X X 9l(utnn'nnx)n(
lllil!lﬁllllilx
-ll--ann:llxx
llllqlllllix'
“ x x LLLLLL, «
,ﬁﬂ N N N N

ll$<:— ‘I-lll‘ZS.x
L lllllilltélx

~r
R l'q-.ltllllékx
u ‘vl """"le

> - -
X x - u x x x x x [ X
---.- x x x x x X X
. x x x x u X X
¥ w x o om o x W x = o= x x w XX
XXXXXXXXX XXX XXX




FLOW PATTERN FOR GRASSY
AND RICHARDSON SOUNDS
1400 HRS 26 AUG 1378

X - LAND CELL

- INUNDATION CELL

~ FOFCINnG CELL

- NO FLOW BOUNDARY
SCALE - 25000. CFS / INCH

I B %

<l

AN

XXXXXAYAXXXXXXXXXXXXXAXXXXXXXX X X XXX
X « % 2 x = = .. X X X M X X X M X X =X X W X x = x x =u X
X ® = x N X X X M M ¥ oM M M X M K X = x x x X
X _.-,,,,','...,. * ¥ X %X = x A€ x = x x x X
X. - . " x w ) NG
x LT x. x - X = » lllx'
x X X X X ¥ X = = x x 2 X
x-—— X X M W X = X x x n x % x X
X‘.-.-'.-‘ Ll X x ®x X X M X M X X . x x x x X
b4 .-Q ~’-'~ ¥ X M W X X W M X M . i - x x x X
X- -‘P-.- X M X M X X M X W M N X o W X » x wx x X
x‘-'..»'-g'. -+-' * X M X x X oM oM X X x x x x X
X9‘-'.‘.'9“‘ ++€;——l * M = X x x x x u X
/?\\'" N . lll.. a- &~

x4§y(>{>-{>—{>+>—b.-ee>-—>, Faeasax
= X M X X X x - - X & » x = X
XK XXXXXXX - . Tk -
XX XXXXXXX LR e '“"Px
XX XXXXXXX LN xox oxox X
XX X XXXXXX xxoe - T A
XX XXXXXXX x x ) x x x %X X
XX XXXXXXX . = xoxox XX
M YAEXXXXXX = = X W M M X X M o o M N x x x X X
XY XXX XXXXXXXAXXXAKXXXXXXXXXXX x X XXX
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VARV




XXX XXX
X % w M % m
X w. x
X

X

X

xX_

X .

x. -
X.. -
o :
X

x ’ ) -
R EEEEE
B-B' X = X X x
XX XXX XX
XX X XXX X
X X XX XXX
XXX XXXX
XX XXXXX
XX XXX XX
XXX XXXX
XX XXXXX

*
O

FLCW PA1TERN FOR GR

ASEY

AND RICHARDSON SOUNDS

1500 MRS 26 AUG 197
X - LAND CELL

- INUNDATION CELL
FORCING CELL

1

SCALE - 25000. CFS

7\

g

- NO FLOW BOUNDARY
/ INCH

AN

\/

XXXXXXXXXXXXX

*® X W X X WM X
+ X o M M M x
..004 =

* LA R
ll‘-o *
IIIIIK.
x ox oM oM oW oM

) X X M X M oM oM

A X M M M M X

-

<. ® M X M M WM X X

-‘P-.:-x-:

-’Q.-—-- X M x

EXEE R

‘Qq-.... - .

X X o e . x

X X

X X

X X =

X X x

X X

X X n x X X X =

XXX XXX XXX XXX

-199~

\/

XXX XXXXXX
X X ®H X =®x X W X =
X M =M X X N X N X
X M X X ® AN N X x
.-l = l' L .
- ¥ M X X =
- .4 - X X x
- = X : x x
" = x '. L]
X X X X - % =
X = N x X x * x
¥ X M 9 = - x
"  § L ‘* x

X X .»o
" x !’ X
= x X = x
o  § x x
» n X
= : x X x
x ) i X x
4

X W W X N X X N x

XXXXXXXXX

X X N

X X
X =
X
= »
X =
X =
X x
X x
X x
2 X
X x
X =
X x

X X
X x
X x
X x
X x
4 4
=
x =
X X

XXXXXXXXXXXXX XXX XXX X X X X



)

FLOW FATTEEN FOR GRASSY
AND RiCHARDSON SOUNDS
1500 HRS 26 AUG 1978

- X - LAND CELL
X - INUNDATION CELL
O - FORCING CELL
— - NO FLOW BOUNDARY
SCALE - 25000. CFS / 1INCH

XXXXXXXXXXAAXXXXAXAAXXAXXXXXXXXXXXX

X X X
X u= % % x u % N ¥ X x ®m ® X X M X X X X X M x M x m x X x X
X 2 o= e X w % M o oM o W W o ox x x M oW om % w m X
b4 ’ .¢'-o¢ | 4 = ®m x wx = x x x x m =x x x X
x' .....-b-y‘ '-lllllltﬂlx
X' X M- e . e X
boe . :-n:--* - X
X— Il!lll*-.. e
XX X X X X M X W x X
X. " M X X X X M = X
X' oo X x X X X XN x X W X X
X .°.lllll x "X
X . .G.-__-l X % x X

- + &

X ""$Q$.$+.$.~- X
0- X X X X = x &~ - X
XXXXXXXXX - - « x X
XXXXXXXXX_ %
XX XXXXXXX UL R REURE BERERERE I 28
XXXX XXX XX llll. > l~lllll b4
XXX XXX XXX x x x x x x ow X X
XXX XXX XXX ] x oxox omom XX
MUY AKXXXXXX XX =2 n - x x x ® x ¥ x w x x x w x x 2 xw X X
'XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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XXXXXXXXXXXXX

%

éq%
4

FLOW PATTERN FOR GRASSY
AND RICHARCSON SOUNDS
1700 HRS 26 AUG 1978

X - LAND CELL '

X - INUNDATION CELL

O - FORCING CELL

— - NO FLOW BOUNDARY
SCALE - 25000. CFS / iINCH

AXAXAXAXAXAXXXAXAXXXXXXXX XXX X X X X X
- M X = X M X X X x ¥ X X X X N 2 = x x
+ M X w o M W X X X WA X W N X X ‘X x
‘-0-9«# = X M WM ® ¥ X X X X x X
¢-+-§-b' X X X X X x x
. < T TS
u = - 4 - - P w om o ox x x x x
< >'d
= x M W x x lo-b-—b-e E X X ® x
bl - %
X ®m X M X = D - x X S, W X X ox =
X W X X X X X x =X X .A‘v' ¥ X %
<+, -
X ®x M M X M X W X X N - =p X x x
<. -::-::--x---::-i? x x x
b'llll! x M X X ‘17 *« ® x
SRR AN
.-;~ - IKI';—?—.
l.“- x x —éPlx x
)()(' x uxix!;:-x
X X x ' Mo ox ox x
. QQ
X X + x lb X X X x
. é L Y *
X X X x . > x X X x x
xx. n-‘~ < M oM o om
X X . . s * X x x
X X = = ~..llllllllllllll.
X

XX XXX XXX
XX XXX XXX
XX XXX XX«
XXX XXX XX =

XXAXXXX XX~
XXXXXK XX -
XAXXXXHKX XK~

XX XXXXXXXXXXXXXXXXXXXX
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]
- .
XXX X XXX XX XXX

x
X




gt

XX XXX XXX

XXX X XXX

L0W PATTERN FOR GRASSY
AND RICHARDSON SOUNDS

1800 HRS 26 AUG 1878

X - LAND CELL

- INUNDATION CELL

X
0 - FORCING CELL

- NO FLOW BOUNDARY
SCALE - 25000. CFS /

A\

INCH

\/

XXXXXXXXXXXXXX

-202-

X

X X X
x x X
 x X
x « X
x u X
x x X
x x X
x x X
= x X
x x X-
 x X
x x X
x u ¥

A X

X X X X XXX XX XX
X X X ®x X X x . X X X X M WM X X X X X X X X X X
* X X M x = T @ ® X X w M M M M W X X X M X
.o ’ 6.;-5-5 X ¥ X x X X X X X X x x
u « x ---b-b-h.:-:x"-xu
x X W x -o-b.llvl AL
Lo L. X x X M X W (b‘ -5—54;.5-9-9 x
- . :--:l:"’-b‘}lnu‘-én
x . llllllillll.+|-
oL nll:lllllln.‘v—b.
LT ---:-x---x----nf‘b
/?To-n X X X x x llllli€7
:u/xQ$Q-Q-.Q-——- x x x lltll.b
CAIP, Lot 2
\J\ : . P N
X M X X X X & - - X x 'Bl
XXX XXXXX - - . x -:i x
XX XXX XXX « bl
XX XXXXXX IR A
X X X X X X X X I
X X XXX XXX x x .
X X X XXX XX R - -
MUY XXX v M X m M W X X M X X R
XAUEXAXAXXAKXAXAAXXXYXXXXKXXAXXXXX XXX

X X X X X W xR X IY7I X K X X X X X x X x N

XIl'llllllt7llllllllllllx




FLCW FATTERN FOR 3RASSY
AND RiCHARDSON SOUNDS
1300 HRS 26 AUG 1978

X - LAND CELL '

¥ - INUNDATION CELL

0 - FORCING CELL

— - NO FLOW BOUNDARY
SCALE - 25000. CFS / iNCH

XXX XAAXXAYAXXXXXAXXXAXXXXXXX XXX

X = = x @ x = = . X X X X X X X M M ¥ M X X W x
X = x x = x x -.-.s lllllll‘llxl!lﬂl
X "+--.‘ M X X X M X X X M X X x
X u x u ~$~ -’-b-&.llll-lll
X x . - X x x - ll'; c D x
X llllillv_}-b‘P--b‘% x
— . R o <
X LR X X X X X X X M x . x
A . .
X = . X X X M X X X X X W x +
X ) lxlxlnll::-..:b-g.
. - +
x . . ¥ X N X X X X X X X X K X N X
) 4 ./"Q- x X X x ® x Illlll?
X"',»A %_@’:_l » X x llll?
. |‘; vaar- TR R hrvd
SSRDR B A
~ M X = X M X s-.-- 1 A->
XXX XXX XXX = - x x x 4_-
XX XXXXXXX x e
XX XXXXXXX LIS B
X X X XXXXXX . x <
XXXX XX XXX x x
XX XX XX XXX .
XXX XXXKXX X s = X X ¥ X X X X X X X X
XXXXXXXXXXEXAXXXXXAXXAXXXXXXXX
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XXX XXX XXXXXXX

zgt/.
X

»
x

NNN
X X' X

alddd

NN

X

X

XX XX
X X X X

X



XXXXXXXXXXAXXXXXXXXXXXX

XX X XXX

LAY\
D

X XABX X X X X X X
.

X X X X X X XX o /Dx

XX X X X X XX PN
XX XXXXXX x
XX XXX XXX «

o - - W W O x x =
6-*1-—! X X & »
’Q".Q'Q‘.*'

o @ ¢ o

XXX - . x

X X X

X X X .
X X X xox

X X X X x
X X X

xxx-:" X X X X W x
XHEXXAYXAXAXXXXXXX XX

FLOW PATTERN FOR GRASSY
AND RICHARDSON SOUNDS
2000 HRS 26 AUG 1978

X - LAND CELL

X - INUNDATION CELL

0 - FORCING CELL

— - NO FLOW BOUNDARY
SCALE - 25000. CFS / INCH

A

~204-

X X X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
u X
X
X



SLCW PATTERN FOR GRASSY

ANS RICHARDSON SGUNDS

2100 HPS 26 AUG 1878

X - LAND CELL

¥ - INUNDATION CELL
0 - FORCING CELL

— - NJ FLOW BOUNDCARY

SCALE - 25000. CFS / iN

P,J

Wit

XXXYXXAXXXXXXXXXXXXXXX

%j

XXX X XX
XX XXXXXX

XXXXXXXXXXXXX

L

x ®M =X = x
X X X X X
|

o

x Se -
o X =X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X

XX X XX XXX
XX XXX XXX

x u = n = X x L 4 g
- x X x x L X X = 4
- - - o  $ x - x
-
o x - - - 4
-
4 E x 2z x n
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XXX XXXXXXXX

XXXXXXXXX XXX
X x w x w w x x w x x X
x x x x x w x x =x w x X
¥ X MW X X X X X X X l'x
T x x X
- * x x ¥ mw ox x W w X
..Q ‘-1. - x x x x x x w X
x u * x = % w ux ux = X
-

X - - x X x x x x
x x -*’9 X X x x x -:
x X X x v x x x % x x X
X X X x * x x x x w x X
x % %k x . M x x x m x X
< DDDDDY X
X x + X X x x x X
X x N X x. X x -‘bx
x i X M X x x léx
L] i X X w x xéx
x X X w = :ﬁx
x x x x x X X
x 2 = x w X X
x x x x w nx x x =x m X X
XAXXXXXXXXXX




FLOW PATTERN FOR GRASSY
AND RICHARDSON SOUNDS
2200 HRS 26 AUG 1978

X - LAND CELL

¥ - INUNDATION CELL

O - FGRCING CELL

— - NO FLOW BOUNDARY
SCALE - 25000. CFS / INCH

ANVAN

XXXXXAXXXKXXXXXXXXXAXKXXXXAKXXX XX

X = = u nx x = = . X M W X M X M WM N X X N X K X X X
X x w @ = x x T X X % W oM oM XK M o¥ X X X % oM oM oK
X . -. . . - M M O X X X X M N = m
X x - L S . . . . IIII“IIII
p 4 l' X x . X lt. % - X X x %
X ..--- lllllll. ..’ .-. X =
X-——— ll!lll.o‘ll! .xx
X = L ¥ ¥ N ¥ X X XN X X X X ) x
¢ T llllllilill.~*~ x
X .-.A. ¥ X M WM X X X X M X X X X N x x
b4 -."'- X %X X w = X X X M X X x
X =z = LR ) - x x x * X N = »
X‘*'b‘b‘-'b+'.~ x x x .
15304 N X M X x x . " x x
XX XXXXXXX . x X xox
X X X XXXXXX - x x
XX XXXXXXX x x
XX X XXX XXX x x x  x
X X X XXX XXX x x x
X X X X X XX X X x
MY XXX XHYX X & x X X x M X X W X X x M
XX XXXXXXAXXXAXXXAXYXKXXXX XXX XX
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XX HXHXHYXXHXXHXXXRXXXYXXXXXX



XX XXX XXXMPAXXXXXXXXXXXXXX

XX XX XXXX
XX XXXX XX«
XXXXXXXX =
XXXXXXX

|

%E; +
¢

X
X
X

XXX XXX x
XX XXXXXX =
XAXXX XX XX =

[

FLOW PATTERN FOR GRASSY
AND RICHARDSON SOUNDS
2300 HRS 26 AUG 1978

X - LAND CELL )

® - INUNDATION CELL

00 - FORCING CELL

— - NDO FLOW BOUNDARY
SCALE - 25000. CFS / INCH

XXXXXXXXXXXXXXXXX

X x X2 X x % x x
X X X ® W W X X X
% X M M X X X X x X
X X o x M X X X X X x X
M i o X o - u x
. = x x x x
x. ¥ x
X
X x
X' ::.
X‘ X x
X :
Xn-. X M M X x X X
XAXYAKXAXXXXAKXXXXXXX

~-207~

x x X X x x

x X X M

X - X X x x

X x x X X x x

X x X X X x x

X w x X ® X X

xxx ¢ EEEh

L J

X x « X % x x
L J

X x X X M o o«
-

n . X X X x x

X x % x X X x

XX XX XXXXX

XXXXEPHHHP

XX XAXXXXXXXXXXXXXXXX XX X X X



XXXXAXAXAXXXXXXXXXXXX

FLOW PATTERN FOR GRASSY
AND RICHARDSON SOUNDS
2400 HRS 26 AUG 1878

X - LAND .CELL

X - INUNDATION CELL

@ - FORCING CELL

— =~ NO FLOW BOUNDARY
SCALE - 250900. CFS / INCH
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XXX XXX X X
X = = x x x x x X M X M W M X X X X X X x n
X x = = =x = x X % X M X M N % X =X X = x
X ' N X X M X X X X X x
b4 L x u X = x " =
X = X X x X x X x
X." X X X X W oW x . ’ x
x—_ X X X X M x L S =
X = X X X M M X X X X X -

X X X w X X X X X x x )
b4 ; X X X X x X X X ¥ ® x = -:
X *Q’-+.l‘.-;—-l!lll X ™M x -$
Xi‘.-b*“b.‘.‘b.' x X A x L l"
XI'I\I\D%%_B% ,5’,. oo® o l'bQ—
= = X N X X X + <

XXX XXX XXX x v .
X XXX XX XXX ¥
XX XXXXXXX L

XXX XXXXXX LN S x

X X X X XXX XX . x

X XXX XXX XX .

M AEAXXAKAXXX X X ® X m X x = = x
XUYXXXXXXXXXXXXXXXXXXXXXXXX

n

x

x
XXXXXXXXXXXXXXXXXXX

X » x x
¥ n x x
X X X X
XX X X



FLOW PATTERN FOR GRASSY
AND RICHARDSON SOUNDS
0100 HRS 27 AUG 1978

LAND CELL

INUNDATION CELL
FORCING CELL

NO FLOW BOUNDARY
SCALE - 25000. CFS / INCH

| B ¥ X
1

1

X
X
X
X
X

XXAXXXAXXXAXXXXXXXXXXXXXXXXXXX
X = x M x ®m w x . ® X X X M X X W W x M ®m x x x M w x x x x x X
X = x x x x = ' X ¥ X @ x X ¥ %x x X ®x ®w x ¥ x % x x x m x X
X X X x x x ®m ¥ X ¥ x £ x w x x w =z x X
X x x x llll;llllliiix
b 4 x X = x x = x . ¥ x m w x x x m =x X
x'. X K ¥ X H X X . .00 u x w x x x x X
x—— X m X X 2 = .!ll’ x x w w x m x X
X'.'.'. lllllllilll. . x = x x x x X
x'.'.....- " X M M X X X X X X X 9mmu--m)(
X -.-; ;- lllll!lllllllll:llllllx
bl '.5'."9;'4}.——--.!! llllll‘liil!lx
X = x> B o+ b - x x X x X .
‘AVDVDV$*3' X
:Vllll!l + o X
XXX X XX XXX x X
XXX XXX XXX X
XXX XXX XXX X
XXXXXXXXX x x X
XX XXX XXXX LI xoxoxox ok XX
XXXXXXXXX . *x x ox x x X X
MY XXX X XXX =« x x x x x x x x 2 x x x m x x x x X X
XXX AXXXXXAXXXXAXXAXXXXAHXAXXAXXAXXXXX XXX

-209-
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